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EQUATION  OP  STATE  FOR  SHOCKED  POLYURETHANE  FOAM 

by 

Charles  L.  Mader  and  William  J.  Carter 


ABSTRACT 

The  experimentally  observed  behavior  of  systems  of  high  ex¬ 
plosives,  low  density  (0.5-  and  0.3-g/cc)  polyurethane  foam, 
and  metals  can  be  numerically  reproduced  if  the  foam  is  as¬ 
sumed  to  decompose  and  the  decomposition  products  are  de¬ 
scribed  by  a  BKW  equation  of  state. 


INTRODUCTION 

The  objective  of  the  study  described  here  was  to  re¬ 
produce  numerically  the  experimentally  observed  be¬ 
havior  of  systems  containing  low  density  polyure¬ 
thane  foams  shocked  by  high  explosive  to  approxi¬ 
mately  100  kbar.  When  the  usual  high  explosive 
system  (such  as  Composition  B)  is  detonated  in  con¬ 
tact  with  0.5-g/cc  polyurethane  foam,  a  shock  of 
approximately  110  kbar  is  formed  in  the  foam.  A 
linear  relationship  between  shock  and  particle  ve¬ 
locity  to  describe  the  experimental  Hugoniot  data 
and  a  constant  Grlineisen  equation  of  state  to  de¬ 
scribe  state  points  off  the  Hugoniot  is  an  adequate 
equation  of  state  for  numerically  reproducing  the 
behavior  of  the  first  shock  through  the  polyure¬ 
thane;  however,  the  experimentally  observed  veloc¬ 
ities  of  the  interaction  of  the  shock  in  the  foam 
with  high  density  materials  cannot  be  obtained  with 
such  an  equation  of  state. 

We  investigated  other  equations  of  state  for  foam 
which  have  been  suggested  in  the  literature.  We 
could  not  reproduce  the  experimental  data  for 
multiple-  and  single-shocked  foam  without  forcing 
the  equation-of-state  parameters  to  have  an  unreal¬ 
istic  behavior. 

Since  the  foam  reaches  very  high  temperatures  on 
the  first  shock,  it  seems  likely  that  it  becomes 


a  mixture  of  gaseous  and  solid  decomposition  products. 
The  Becker-Kistiakowsky-Wilson  (BKW)  equation  of 
state,  calibrated  for  carbon-hydrogen-nitrogen -oxy¬ 
gen  explosives  in  the  pressure  range  of  interest, 
was  used  to  calculate  the  equation  of  state  of  poly¬ 
urethane  decomposition  products.  The  BKW  Hugoniots 
for  0.5-  and  0.32-g/cc  urethane  are  in  reasonable 
agreement  with  the  experimental  data  for  foams  above 
about  50  kbar.  The  BKW  Hugoniot  for  bulk^density 
\arethane  (1,265-g/cc)  does  not  reproduce  the  experi¬ 
mental  Hugoniot  data.  This  is  probably  because  the 
high  density  polyurethane  does  not  reach  decomposition 
temperature  until  it  attains  a  much  higher  pressure 
than  that  necessary  for  the  low  density  foam.  The 
urethane  BKW  isentrope  through  the  single -shock 
Hugoniot  point  of  interest  can  be  used  as  an  equa¬ 
tion  of  state  in  numerical  hydrodynamic  calculations 
for  reproducing  the  experimentally  observed  behavior 
of  shocked  foam  interacting  with  high  density  materi¬ 
als  . 

NOMENCLATURE 

I  energy  in  mbar  -  cc/g 

P  pressure  in  mbar 

U^  particle  velocity  in  cra/psec 

Ug  shock  velocity  in  cm/psec 

V  volume  in  cc/g 
initial  specific  volume 

Y  Griineisen  gamma  =  (l/v)(Bp/9l)^ 
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NOMENCL/^TURE  (continued) 

n  initial  density  in  g/cc 
'  o 

iiubscr  ipt 

H  Hugoniot 

Superscript 
f  foam 

THE  EXPERIMENTAL  DATA 


Polyurethnne  foam  is  not  so  uniform  as  nonfoamed 
substances,  and,  therefore,  the  experimental  equa¬ 
tion  -of  -state  data  obtained  for  foam  have  consider¬ 
ably  greater  error  than  is  usually  present  in  such 
studies . 


Tne  equation  of  state  of  singly  srjocked  0.5 -g/cc 

polyurethane  can  be  approximated  up  to  100  kbar  by 

U  =  0.015  +  1.5  U  that  of  0.5?-g/cc  polyure- 
s  p 

thane  can  be  approximated  up  to  400  kbar  by  U  = 

IP  ® 

0.01  +  1.52  U  .  ^  The  spread  of  the  experimental 
P 

data  is  sucn  that  tne  constants  in  the  equations 
are  not  known  to  witliin  +  0.05,  and  the  linear  re- 
lationsnip  between  shock  velocity  and  particle  ve¬ 
locity  is  only  one  of  many  possible  relationships 
that  could  be  usea  to  fit  the  data.  For  1. 265 -g/cc 
bulk-density  polyurethane,  tne  equation  of  state 
of  the  single-shock  Hugoniot  is  described  by  = 
0.215  +  l.y?  Upl 

Carter^  has  measured  the  pressure  of  the  reflected 
shock  in  1.27  cm  of  0.5 -g/cc  polyurethane  initially 
shocked  to  about  II5  kbar  in  contact  with  0.482  cm 
of  2024  aluminum,  0.655  cm  of  AZ51B  magnesium,  or 
0,4^4  cm  of  copper.  The  foam  was  initially  shocked 
to  115  kbar  by  a  P-80  plane-wave  lens  and  20.52  cm 
of  Composition  B-5  explosive.  The  shock  velocities 
in  tne  metals  were  measured  to  within  1*^.  The  re¬ 
sults  are  snown  below. 


Metal 


Measured 
Shock 
Velocity 
( cm/psec ) 


Pressure 
( mbar) 


Particle 
Velocity 
( cm/psec) 


Cu  (0^=8.928)  0.552 

Al  ( 0^=2.777)  0.7'+7 

Mg  (n^=1.77)  0.710 


0.442  0.095 
0.551  0.160 
0.261  0.208 


The  measured  sliock  velocity  through  0.762  cm  of 


additional  foam  in  contact  with  the  1.27  cm  of  foam 


was  about  0.57  cm/psec. 


The  results  are  surprising  when  one  realizes  that 


the  pressures  and  velocities  in  the  metals  are  within 
a  few  percent  of  what  one  would  obtain  if  the  Compo¬ 
sition  B  explosive  were  in  direct  contact  with  the 
metals.  That  is  to  say  that  the  0.5 -g/cc  foam  ap¬ 
pears  to  behave  about  the  same  as  1,715 -g/cc  high 
explosive  in  this  experimental  geometry.  The  results 
are  also  surprising  in  that  the  pressures  and  veloci¬ 
ties  in  the  metals  using  0.5-g/cc  foam  are  within 
about  10^  of  what  one  expects  to  obtain  by  replacing 
the  foam  with  1.265 -g/cc  polyurethane.  The  results 
of  such  experiments  performed  for  1.17-g/cc  poly¬ 
urethane  are  shown  below. 


Metal 

Measured 
Shock 
Velocity 
( cm/psec ) 

Pressure 
( mbar) 

Particle 

Velocity 

(cm/psec) 

Cu 

0.5^6 

0.500 

0.1026 

Al 

0.75^^ 

0.550 

0.167 

Mg 

0.726 

0.285 

0.2218 

Experiments  were  also  performed  for  0.96-g/cc  poly¬ 
urethane,  and  the  measured  shock  velocity  in  the 
copper  was  0.5^8  and  that  in  the  magnesium  was  0.725- 
For  0.62-g/cc  polyurethane,  the  measured  shock  ve¬ 
locity  in  the  copper  was  0.558  and  that  in  the  mag¬ 
nesium  was  0.711* 

SOLID  EQUATIONS  OF  STATE 

We  attempted  to  use  some  of  the  proposed  equations 
of  state  for  foam  to  fit  the  single-  and  double -shock 
experimental  data  described  in  the  preceding  section. 

^  successful  method  for  solids  and  liquids  has  been 
to  describe  the  single -shock  Hugoniot  with  an  experi¬ 
mentally  calibrated  linear  relationship  between  shock 
and  particle  velocity.  State  points  off  the  single¬ 
shock  Hugoniot  were  determined  using  tne  Gruneisen 
equation  of  state, 

P  -  Pjj  =  (y/v)(i  -  I„), 

where  y  is  calibrated  for  the  range  of  state  points 
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of  interest.  Using  the  copper  double-shock  data, 

one  can  calculate  the  specific  volume  of  the  foam 
as  follows.  If  the  0.5-g/cc  foam  Hugoniot  is  de¬ 
scribed  by  U  =  0.015  4  1.5  U  ,  Composition  B  explo- 
s  p 

sive  interacts  with  the  foam  giving  a  shock  of  0.117 
mbar,  a  shock  velocity  of  O.60  cm/psec ,  a  particle 
velocity  of  0.590  cra/psec,  a  specific  volume  of  0.70 
cc/g,  and  an  energy  of  0.07605  mbar-cc/g. 
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Using  the  equations 

u  -  u'  =  /(p  -  p'Kv'  -  V) 

p  p 

and 

I  -  i'  =  o.5(P  +  P')(v'  -  V), 

where  the  prime-state  values  are  single-shock  values 
and  the  nonpritne  values  are  double-shocked  state 
values,  one  calculates  that  the  specific  volume  of 
the  copper  doubly  shocked  polyurethane  foam  is  0.^33 
cc/g  and  the  energy  is  0.1512  mbar-cc/g. 


The  single-shock  Hugoniot  pressure  of  a  substance 
with  a  linear  relationship  between  shock  and  parti¬ 
cle  velocity,  =  C  +  S  U  ,  can  be  calculated  from 

Ph  =  c^(v^  -  V)/[V^  -  s{v^  -  v)]^. 

P  goes  to  infinity  when  [V  -  S(V  V)]  goes  to  zero 
H  o  o 

or  when  V  =  V^(S  -  l)/S.  The  Hugoniot  pressure  for 
the  foam  using  this  equation  goes  to  infinity  when 
the  volume  of  the  foam  decreases  to  0.666  cc/g. 

Since  the  doubly  shocked  polyurethane  foam  volume  is 
less  than  the  infinite  pressure  volume  with  this 
solid  equation  of  state,  the  assumed  form  of  the  sol¬ 
id  equation  of  state  is  inadequate  to  describe  the 
polyurethane  foam  under  double -shock  conditions. 


McQueen  and  Marsli  have  shown  that  the  experimentally 
measured  Hugoniots  of  foamed  metals  can  be  approxi¬ 
mated  using  the  Hugoniot  equation  of  state  of  the 
metal  at  crystal  density  and  the  Griineisen  equation 
of  state  to  correct  for  the  higher  energy  of  the 
foamed  metal  at  the  same  shocked  volume.  Substi¬ 
tuting  into  the  Griineisen  equation  of  state  the 
Hugoniot  energy  of  the  metal,  0.5  “  V),  and  of 

the  foam,  0.5  p£(V^  -  V),  one  obtains 

n  O 


(V. 


P  -  P  = 
H  H 


(2V/y  -  +  V) 


from  which  one  can  calculate  a  Y  of  0.9^^  for  poly¬ 
urethane  foam  shocked  to  0.117  mbar. 


Using  the  bulk-density  Hugoniot  and  the  Griineisen 
equation  of  state  requires  a  y  of  0.65  to  reproduce 
the  observed  copper  doubly  shocked  polyurethane 
point,  a  Y  of  0.56  to  reproduce  the  aluminum  doubly 
shocked  polyurethane  point,  and  a  y  of  0.^6  to  re¬ 
produce  the  magnesium  doubly  shocked  point.  The 
gamma,  decreases  with  increasing  volume  for  the  doubly 
shocked  points  and  then  increases  for  the  singly 


shocked  point.  While  this  curious  behavior  of  gamma, 
could  be  reproduced  by  various  complicated  relation¬ 
ships  between  gamma  and  volume,  it  does  not  suggest 
any  unique  relationship.  The  other  difficulty  with 
the  McQueen  and  Marsh  foam  model  is  that  one  does 
not  know  how  to  describe  the  expansion  of  the  foam 
that  has  been  shocked  to  high  pressures  and  decom¬ 
posed  by  the  resulting  high  temperatures. 

Herrmann^  has  considered  the  problem  of  how  to  de¬ 
scribe  the  low  pressure  end  of  the  foam  Hugoniot. 

Such  a  treatment  should  probably  be  included  in  any 
general  equation  of  state  of  foam.  He  does  not  con¬ 
sider  the  case  of  foams  shocked  to  high  enough  pres- 
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sures  and  temperatures  to  decompose  them.  Thouvenin’s 
treatment  of  foams  does  not  reproduce  the  observed 
single-shock  Hugoniot  data  for  0.5  g/cc  polyurethane. 

BKW  GAS  EQUATION  OF  STATE 

Since  the  0.5 “g/cc  polyurethane  foam  shocked  to  100 

kbar  is  very  hot  (approximately  3000^  K  estimated 

using  the  Walsh  and  Christian  technique  for  calcu- 
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lating  temperatures  ) ,  it  is  reasonable  to  assume 
that  the  polyurethane  decomposed  to  its  equilibrium 
decomposition  products. 

8—11 

The  BKW  equation  of  state  has  been  calibrated 
for  carbon-hydrogen-nitrogen-oxygen  explosives  in 
the  pressure  and  ten^erature  range  of  interest. 
Calculations  made  using  it  reproduce  the  experi¬ 
mentally  observed  shock  Hugoniots  of  water,  carbon 
dioxide,  end  nitrogen  above  50  kbar.  It  seems  to 
be  a  reasonable  equation  of  state  for  describing  the 
equilibrium  decon^osition  products  of  polyurethane. 

We  have  used  the  BKW  equation  to  describe  the  equa¬ 
tion  of  state  of  0.5“  and  0.3-g/cc  foam  above  50  kbar. 
The  results  are  not  very  sensitive  to  the  exact  chemi¬ 
cal,  or  even  elemental,  composition,  which  is  fortu¬ 
nate  since  the  composition  of  foams  varies  consider¬ 
ably  from  batch  to  batch. 

As  shown  in  Figs.  1  and  2,  the  calculated  single-shock 
Hugoniots  agree  with  the  experimental  data  within 
the  experimental  error  of  the  data .  The  results  of 
the  calculations  are  given  in  Appendixes  A  and  B  for 
a  pure  urethane  foam  and  in  Appendixes  C  and  D  for 
polymerized  mixtures  of  polyurethane  and  adipic  acid 

with  an  empirical  formula,  of  5^17  87^1^4  938^x 

obtained  by  chemical  analysis.  Figure  3  shows  the 
isentrope  through  a  Hugoniot  point  near  the  s ingle - 
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•  SKIDMORE -MORRIS  DATA 
O  McQUEEN  -  MARSH  DATA 

-  Us  =  0.01  +  1.32  Up 

BKW  CALCULATION 


0.8 

VELOCITY  (cm/;i.sec) 


and  calculated  Hugonlot  curves  for  0.32-g/cc  polyurethane. 


SHOCK  VELOCITY  (cm//xsec) 


Fig.  2.  The  experimental  and  calculated  Hugoniot  curves  for  0.5  g/cc  polyurethane. 


shock  Hugoriiot  value  for  the  foam  being  shocked  by 
Composition  B  for  and  0,5~g/cc  polyurethane 

foam. 

Using  the  HOM  equation  of  state  and  the  SIN  one-di- 

4 

raensional  hydrodynamic  code  with  the  BKW  descrip-* 
tion  of  the  isentrope  of  the  decomposition  products 
and  "burning"  the  foam  by  either  a  sharp  shock  burn 
or  a  "C-J  volume  burn"  technique  gives  us  the 
following  results  for  the  reflected  shock  experi¬ 
ments. 


Metal 

Calc  . 
Pressure 

Exper . 
Pressure 

Calc . 

Particle 

Velocity 

Exper . 

Particle 

Velocity 

Cu 

0.4-25 

0.442 

0.090 

0.095 

A1 

0.550 

0.551 

0.158 

0.160 

Mg 

0.266 

0.261 

0.211 

0.208 

The  bulk-density  polyurethane  shocked  to  100  kbar 
does  not  get  very  hot  (800^K  estimated  using  Walsh 
and  Christian  technique  for  calculating  temperatures) 
and  it  probably  does  not  decompose  to  equilibrium 
decomposition  products  until  it  reaches  much  higher 
pressures  and  temperatures.  The  BKW  equation-of- 
state  Hugoniot  for  bulk-density  polyurethane  does 
not  approach  the  experimental  Hugoniot  data  until 
hign  pressures  as  is  shown  in  Fig.  Using  the 
solid  HOM  equation  of  state  and  a  gamma  of  1.0,  we 
calculate  tne  following  results  for  the  reflected 


shock  experiment. 

Calculated 

Experimental 

Metal 

Pressure 

Pressure 

Cu 

0.496 

0.500 

A1 

0.564 

0.550 

Mg 

0.281 

0.285 

CONCLUSIONS 

The  experimentally  observed  behavior  of  high  ex¬ 
plosive-foam-metal  systems  can  be  reproduced  if  the 
low  density  (0.5-*  and  0.3-g/cc)  polyurethane  foams 
are  described  by  the  BKW  equation  of  state  and  if 
the  initial  shock  pressures  are  greater  than  50 
kbar . 

If  the  shock  pressures  are  low  enough,  or  if  the 
density  of  the  foam  is  high  enough,  or  both,  the 
polyurethane  does  not  become  hot  enough  to  decom¬ 
pose  and  the  appropriate  form  for  the  equation  of 
state  is  a  solid  rather  than  a  gas.  One  can  imag¬ 
ine  experimental  systems  in  wnich  the  polyurethane 


would  not  be  shocked  to  great  enough  pressures  and 
temperatures  to  decompose  on  the  first  shock,  but 
would  be  heated  enough  by  subsequent  shocks  to 
partially  or  totally  decompose.  For  such  systems, 
a  mixture  equation  such  as  the  ROM  equation  of  state 
is  indicated. 

The  most  important  conclusion  to  be  drawn  from  this 
work  is  that  if  foams  are  to  be  realistically  de¬ 
scribed  in  numerical  hydrodynamic  calculations,  ex¬ 
perimental  equation-of-state  data  in  all  the  pressure 
and  energy  regions  of  interest  will  be  needed  to 
calibrate  the  foam  equation  of  state  properly.  A 
general  foam  equation  of  state  siiould  describe  solid, 
gaseous,  and  mixed  solid  and  gaseous  states  with 
appropriate  temperature-sensitive  kinetics,  Addi¬ 
tional  experimental  and  theoretical  studies  of 
foams  should  be  rewarding. 
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APPENDIX  A 


THE  BKW  HUGONIOT  FOR  0.5-g/cc  POLYURETHANE  FOAM  AND 
THE  ISENTROPE  THROUGH  THE  125-kbar  HUGONIOT  VALUE 


A  roiTRAN  lAW  CALCULATION  FOR 
URC THANE  FOAN 


THE  NUNtER  OF  ELENENTI  1$  4 

THE  NUMBER  OF  (AS  SPECIES  IS  11 


THE  NUMBER  OF  SOLID  SPECIES  IS  1 


THE  BKW  EaUATlON  OF  STATE  PARAMETERS  ARE 

ALPHA*  S.OaOOOOOOOOOE-Ol  BETA*  1 . SOOOOOOOOOOE-0 1  THETA*  4 . OOOOOOO0OOOE*O2  KAPPA*  1 .0909Tr|44S«E4Ql 


THE  COMPOSITION 

9.00000000000E»00  MOLES  OF  C 
T.OOOOOOOOOOOE^OO  MOLES  OF  H 
1 .OOOOOOOOOOOE^OO  MOLES  OF  N 
E.OOOOOOOOODOE^OO  MOLES  OF  0 


THE  OENSITT 


IS  S.OOOOOOOOOOOE'Ol  I  (RAHS/CC 


THE  MOLECULAR  WEKHT  IS  1 . 9094 0 OOOOOOE ♦O 1  4RAMS 


THE  HEAT  OF  FORMATION  AT  0  0E(  K  IS  -7 . 70000000000E404  CALORIES  PER  FORMULA  WEI&HT 


THE  SOLID  (COWAN)  EQUATION  OF  STATE  PARAMETERS  VO>  ASr  BS.  CS,  DS>  CSi  A1 ,  A2.  Cl,  C2,  C9.  ATOMIC  WT 

SOL  C  4.44444444444E>01  B .  909S5|972eBE>0l  -  1  * S931 1S092 ISEfQO  6.72$6971(021E>01  >1 . 1 5SS72€2508E>01  < >49 1 55 IBtOOTE - Q5 

>t.<«709345948E-0l  1 . 205 1S969525E -01  1 . 9 ISOOOOOOOOE-QZ  -1 . 75S900Q0Q00E-01  1  . 55310000000E-01  1 .EOlOOQOOOOOE^Qi 


THE 

INPUT 

PRODUCT  elemental  I 

COMPOSI TION 

MATRIX 

0 

E.OE^OO 

0  l.OE^OO 

0 

2.0EfOO 

0 

0 

0 

0 

0 

2.0E+00 

1  . 

.0E*00 

0 

0  2.0E400 

l.OEfOO 

0 

0 

I.OEfOO 

0 

3.0Ef00 

i.oefoo 

0 

0 

l.OE+00 

0  0 

0 

0 

1.0E400 

l.OE^OO 

0 

0 

2.0C^00 

0 

0 

l.OE^OO 

0  l.OE^OO 

l.QC^QO 

A.OEiOO 

0 

0 

l.OE^OO 

0 

0 

0 

THE  BKW  HUtONlOT  FOR 
URETHANE  FOAM 


PRESSURE  =  5.00000000000E-01  VOLUME  *  4 .|90I131I972E-01  TEMPERATURE  *  7. |S045«29910Ef03 

SHOCK  VELOCITT  :  1 . 14124 IRSlOIE^OO  PARTICLE  VELOCITT  i  8 . 70|94I40I94E-01  UNITS  ARC  MBARS.CC/SM,  0E4  R,  AND  CM/MlCROSECONO 


SPECIE 

NO  OF  MOLES 

H20 

1.7S948I0S917E«Q0 

Ht 

2.3S5S8797201E-01 

02 

2.8S3588027S1E-04 

COE 

l.llS7t38347|e-02 

CO 

t.047|5l7CSS4e-01 

NH3 

t.2t903S47fB3C-0l 

H 

2.03482117S7TE-02 

NO 

7.fTSS20S4994E-09 

N2 

9.8970BBS9S84C-01 

OH 

1.S42S9952757E-09 

CH4 

9.7B4t9213005E-0l 

SOL  C 

2.209577S7229E«00 
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PRCIIun  S  4.50000000000E-01  VOLUNE  =  5 . 040«5^3<06lE-0l  TENPEIATUSE  =  T. JJOt* 1 l54t9E405 

iHOCK  VCLOCITT  =  1 .0>««S!5l7iJE^00  PARTICLE  TELOCITT  =  8 . 2046$7tt9T4E-01  UNITS  ARE  M8AR8iCC/frN,  DE^  A 


SPECIE  NO  OF  holes 
NEO  1.7)51060944SE*00 

HE  E.4TTE04ET45TE-01 

OE  E.47U90S5S1SC-04 

COE  l.E«10e39l38lE>0E 

CO  E.5314500949SE-01 

NHS  E.ltS37s549S8E-01 

H  1.9S4Ciei5<S4E>0E 

%0  S.5||8SEE4)07C-O3 

HE  9.SSE|7Qa6S99C-(]l 

OH  1.44ES600t37|E>03 

CH4  5.91685S9S47SE-01 

SOL  C  E.lSESSeSeSESE^OO 


PRESSURE  =  4.O0O0D0O0D00E-O1  TOLUNE  =  5 . E7901I0T|«SE-01  TENPERATUfiE  s  7.E?6lS90580SE+OS 

5HOCA  VELOCITT  =  1 .04E535995S3E400  PARTICLE  VELOCITT  =  7.S7357677199E-01  UNITS  ARE  NBARS,CC/SN,  OES  K 


SPECIE  NO  OF  HOLES 
HEO  t.70346O9199SEtOO 

HE  E.«191657e«E5E-01 

OE  t.9907977l57lE-04 

COE  t .3903914E5a3e>0E 

CO  E.Sn4745064|E-Dl 

NHS  E.lE07500307«E-0t 

H  1  .|C98E099394E>0E 

NO  5.lil07|40743E-03 

HE  S.9Ull4SEE58E-0i 

OH  1.497968944E4C-03 

CH4  •.03EE105693EE-01 

SOL  C  E.1E17E757S17E+0Q 


PRESSURE  s  3.50000000000E-OI  TOLUNE  =  5 . 3 5 1 1 Efl E935 7E- 01  TENPERATUIE  =  S .!()01T499354E  +  03 

SHOCA  7ELOC!Tr  =  9 . S 4  34 E64  5S9 EE  -  0  I  PARTICLE  VELOCITT  =  7  . 1  u 9E4 31 3E4E - 0 1  UNITS  ARE  NeARS,CC/9N,  0E9 


SPECIE  NO  OF  HOLES 
HEO 
HE 
OE 
COE 
CO 
NHS 
H 

NO 
NE 
OH 
CH4 
SOL  C 


PRESSURE  =  S.OOOOQOOOOOOE-Ol  VOLUHt  s  nrii 

SHOCK  VELOCITT  =  9 . El E4 31 E 7| 9 lE - 0 1  PARTICLE  VELOCITT  :  S.S1E91E01I9TE-01  UNITS  ARE  NlARS,CC/tN,  DES 


SPECIE  NO  OF  holes 


HEO 

l.t7O0E«E0St4C«00 

HE 

9.00445S73077E-01 

OE 

0.70S33804SS9E>OS 

COE 

1.49|S079S«13E>0E 

CO 

E.99ES94QE094E>01 

NH3 

E.00E3477394EE-01 

H 

1 .4S4S0190754E-OE 

NO 

9.E44S83ei7S3E>03 

NE 

3.9SES0171EE0E-01 

OH 

1.E9519070744E-03 

CH4 

S.i0«QEeE799lE-0l 

SOL  C 

E>0791EE69409E«00 

1  .*7931  101S«3E*00 
E.799lll«iS03E>0i 
1  .43994e94S3EE>04 
1.4SEE179SS«SE-0E 
E.S47E309E537C-01 
E.OIS9S3S49S7E-01 
1.709*137|SE7E-0E 
4.SSlOE039tS7E-Q3 
3.943S879S9E1C-01 
1.4I7IS0D735SC-03 
S.10S979E3SIEE‘01 

E.osssssiosseE^oo 


AND  CM/NICROSECOND 


»  AND  CN/NICROSECOND 


(  AND  CN/NICROSECOND 


,  AND  CH/HICROSECOND 
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PRESSURE  r  2 . 5 0 D 00 000 OOCE - Ot  VOLUME  =  « . 204 05 2 0 29I5E -01  TEMPERATURE  =  5 .0194 1 581660E  +  05 

SHOCK  VELOCITT  =  S • 5  1  3 798  5 54  5 6E - 0 1  PARTICLE  VELOCITT  r  5 . 0 7; 79 575 96 1 E -Q 1  UNITS  ARE  MBARSiCC/RM,  OEt  Ki  AND  CM /M I CROSECONO 


SPECIE  NO  OF  MOLES 
HtO  1  .€9409I  564  5  5E>00 

Ht  3.fl7921l7245E-fll 

Ot  9.77i42l04l60E-a5 

C02  1  .  373l032l78lE-a2 

CO  2.75S10673624E-01 

NH3  1  .92  1  19045123C'01 

N  1 .079035902SIE-02 

NO  I  .I289  7362593E-09 

Nt  4.09029979«2«E-0t 

OH  9.24273283991E-04 

CH4  5.9504<*921I4E-01 

SOL  C  2.115591«0201E^00 


PRESSURE  =  2 . DOOOOOOOODOE-O!  VOLUME  =  « , 5 65 79 296091E- 0 1  TEMPERATURE  =  4 . 90 5 70 5 69*0 5E*0 9 

SHOCK  VELOCITT  :  7 . 7 f 80 1  1 4  56  7 QE - 0 1  PARTICLE  VELOCITT  =  5  .  1 0 94 6 2 1  3 646E - 0 1  UNITS  ARE  N6ARStCC/6Nt  DE6  K,  AND  CM/MiCROSECOND 


SPECIE  NO  OF  moles 
HfO  1.777833243l5Ef0fl 

H2  9.32396476713C-01 

02  7.9675I009970E'06 

C02  1 .01559D49929E-02 

CO  2.0140IIT0044E-0! 

MH5  1  .•24549I9627C-01 

H  5.S7043606799E-09 

NO  6.29224611095E-04 

N2  4  .0|45|||77|ie>01 

OH  4 . Ilf 16I50014E-04 

CH4  5.96|405O2n9E-fll 

SOL  C  2.23t593f22lSE*00 


PRESSURE  =  1 .50000000000E-01  VOLUME  =  6 . 9 7066 94 0 1 OQE -0 1  TEMPERATURE  =  9 . 9914  1 665600E^O5 

SHOCK  VELOCITT  r  6 . 71 1 QT 1 3n 1 5E - 0 1  PARTICLE  VELOCITT  =  4 . 4  1 94 6004 3 99E -Q 1  UNITS  ARE  MBAR8.CC/6Mi 


0E6  K.  AND  CM/MICROSCCONO 


SPECIE  NO  OF  moles 
»20  1  .|ft56910790C^00 

H2  9.1QS93910566E-O1 

02  3.S9169496944E-07 

COE  5 .05743936471E-03 

CO  9.116505343912-02 

NH3  1 .74747360512E-01 

H  1.35409126137E-03 

NO  7.  T0663640590E-05 

N2  4 .12507706462E-O1 

OH  7.31236302295E-05 

CH4  5.14001  l6295eE-0l 

SOL  C  2.30977634824E+OO 


PRESSURE  =  1 .OOOOOODOOOOE-01  VOLUME  =  7.601974O4219E-O1  TEMPERATURE  = 

SMOCK  VELOCITT  =  5 . 6904 5 60 04 9 OE - 0 1  PARTICLE  VELOCITT  r  3 . 50960699 140E-01 


2.67765215S43E405 

UNITS  ARE  MBARS.CC/SN,  DEC  K,  AND  CN/M I CROSECOND 


SPECIE  MO  OF  MOLES 


HZO 

1 .96966241 373EfQ0 

M2 

2.55575542562E-01 

02 

3.a0096687304E-10 

COE 

2.04135 141 713E-05 

CO 

2.62404 10937OE-O2 

NH9 

1 .67974750219C-01 

H 

i .09366793562E-04 

NO 

2.209505909562-06 

N2 

4.16011530101E-01 

OH 

4.25431342379E-06 

CH4 

5.11471569017E-01 

SOL  C 

2.46029e66063E^00 

l4 


OIIPLACCO  BRW  UENTIO^E 
URETHANE  FOAN 


LM(P)  =-E.|7T7*5lT4Jt  +  0{IO 
LM(T>=  T,|*6l4Rl353RfOOD 

LN(C) r-1.07|T0934942*000 


‘Z.42DS2S4S4I44000LNV 

‘S.0203SI|3l«3'DtllLNV 

4.|900035I014>00UHP 


4.2T7494«6|T|-OOt  LMT42 

2.|53R3I43462>Q02  INV42 

1.2467992S41I-0C1  LNP42 


«.M49Q$702S5-0Q2LNV43  M 

4.702l4f0045l-002lNV43  >5 
2.0944751T2M-002LNP45  1 


THE  CONSTANT  AODEO  TO  ENERGIES  WAS  t . OOOOOOOOOOQ-OO 1 


PRESSURE  (NBAR8) 

1*23000000000-001 

1.73000000000-002 

4*12500000000-002 

4.28730000000-002 

3.00123000000-002 

2.100S7500000-002 

1  .470SU30000-Q02 

1*02942875000-002 

7*20400123000-003 

5.04420087300-003 

1.43750000000-001 

1  .43312300000-001 

1*90109375000-001 

2*18423781230-001 

2.91419648437-001 

2.89132395703-001 

9*32302483059-001 

9.82977857817-001 

4.99794596490-001 

3.03694716963-001 

3.81348924306-001 

6.68781263184-001 

7.69098452662-001 

8.84463220361-001 


VOLUNE  (CC/(N) 

7*24998424293-001 

8*94013133189-001 

9.47192990909-001 

1.128289SS87M000 

1.32479468989>000 

1.363993882S6^000 

1*I6Q18339307*000 

2*22224394820*0a0 

2.469023172994000 

3.22412862289*000 

6.89469241866-001 

4.54264881377-001 

4.21232933702-001 

5.90142144521-001 

3.60782920340-001 

3. 92956036003-001 

3.06470285089-001 

4.81192907844-001 

4.56733723361-001 

4.93009633059-001 

4.09346676143-001 

9.83396937937-001 

3*57208239678-001 

9.34491670394-001 


TEMPERATURE  (0E6  K) 
3.98938478009*009 
9*13380689629*003 
2.92601484898*009 
2*70748837166*003 
2.30488487160*009 
2.92118779718*009 
2*15735238061*009 
2*01272651429*003 
1.88569400662*003 
1.77420715335*003 
3*48409995751*003 
9.37722284116*009 
3.67045579880*009 
3.76373628376*003 
9.85708293154*009 
9.93056432097*003 
4.04493110038*003 
4.19866732081*003 
4.29410915800*009 
4.39172422790*003 
4.43390990725*009 
4.54754437343*003 
4.70215661579*003 
4.84354062679*003 


ENER6r*C  (NB-CC/6N) 
1.79563240966-001 
1*68208993685-001 
1.58559112986-001 
1.50327996628-001 
1.43293997652-001 
1.97275981050-001 
1.92113178680-001 
1.27676972585-001 
1.29839040347-001 
1*20494549928-001 
1*84661740758-001 
1.90093375234-001 
1*93953136498-001 
2.02299275261-001 
2.09176421178-001 
2.16677049362-001 
2.24885623885-001 
2.99915246007-001 
2.43914598975-001 
2*55096350608-001 
2.67817054442-001 
2.82886505087-001 
3.09145434836-001 
3.21739874450-001 


6ANNA  f-DLNP/DLNF) 
2.69914784199*000 
2.55977304182*000 
2.44806941996*000 
2.31996642320*000 
2.17208893787*000 
2.04185514702*000 
1.94686245994*000 
1.91447136501*000 
1.97619189018*000 
2.16892990873*000 
2.65976515003*000 
2.67409799559*000 
2*68135719311*000 
2.68194927525*000 
2.67479294991*000 
2.65958507948*000 
2.63570262047«000 
2.60232723028*000 
2.55832271677+000 
2.50196654725*000 
2.43023659911*000 
2.93611123070*000 
2.19375390461«000 
2*04707721914*000 


variables  AS  COMPUTED  FROM  THE  LEAST  SQUARE  FIT 
FIT  PRESSURE  BKU  TEMPERATURE  FIT  TEMPERATURE  6KW  EMERtT  PLUS  COMSTAMT 


THE  ISEMTROPE  STATE 
BKW  PRESSURE 

1.25000000000-001 
S. 75000000000-002 
6.12500000000-002 
4.28750000000-002 
9*00125000000-002 
2*10087500000-002 
1*47061250000-002 
1.02942875000-002 
7*20600125000-009 
5.04420087500-003 
1.43750000000-001 
1.65312500000-001 
1.10109975000-001 
2*18625711250-001 
2.51419648497-001 
2.89132595703-001 
9*32502485059-001 
3*82377857817-001 
4.99734536490-001 
5.05694716963-001 
5.81548924508-001 
6*68781263184-001 
7.69098452662-001 
8*84469220561-001 


1*26470284279-001 
8.79194371702-002 
6*09407585591-002 
4*22747318928-002 
2.94921657779-002 
2.07578521886-002 
1*47251899850-002 
1 *04579893824-002 
7.93506083802-003 
4.96962700100-003 
1*45541378578-001 
1.67378918960-001 
1.82292717719-001 
2*20684923121-001 
2.53014116553-001 
2*89810422820-001 
9*91697758963-001 
3*79433306461-001 
4.39986032846-001 
4.96718678525-001 
5*69905671602-001 
6*58786423924-001 
7*82591792689-001 
8*99699124717-001 


3.98938476009*003 

3.15580689629*003 

2.92601484838*003 

2.70748837166*003 

2.50488417160*003 

2*92118779718*003 

2.15735230061*009 

2.01272651429*003 

1.685694006624003 

1.77420715355*003 

3.48409995751*003 

3.57722284116+003 

9.67045579880*003 

3.76575628976*003 

3.85708293154*003 

9.95056432097*003 

4.04433110038*003 

4*13866732081*003 

4.29410915800*003 

4.33172422790*009 

4.49390990725*003 

4.54754437345*003 

4.70215661579*003 

4.84354062679*003 


9.98644159896*003 

9.19488556485*009 

2.92972934926*003 

2.71364854556*009 

2*51044951798*003 

2.32969475943*009 

2.15594628008*003 

2.00869495635*003 

1.88235979697f009 

1.77730807234*003 

9.47812251948*003 

9.57065947223*009 

9.66981748230*003 

3*75762209331*009 

9*85219201142*003 

9.94743171599*003 

4.04374787040*009 

4*14128963108*003 

4.24049185805*003 

4.94215063451*003 

4*44788876970*003 

4.56219355806*003 

4.70251419120*003 

4*82063107241*003 


1.79563240966-001 

1.68208999685-001 

1.58553112386-001 

1.50927996628-001 

1.49295997652-001 

1.97275981050-001 

1*32115178680-001 

1.27676972585-001 

1*23839040547-001 

1.20494543328-001 

1*84661740758-001 

1.90093375254-001 

1*95953136498-001 

2.02299275261-001 

2*09176421178-001 

2*16677049962-001 

2*24885623885-001 

2*99915246007-001 

2.49914538975-001 

2.55096950608-001 

2*67817054442-001 

2.82886505087-001 

9*09145434836-001 

3*21739874450-001 


80921107459-001LNVM 


99270358998-003LNVM 


49598560967.003LNPM 


PARTICLE  VELOCITT 
9.98904997103-001 
4.69541295910-001 
5.22951560896-001 
5.77514997705-001 
6.27453711099-001 
6.73137Q81605-0D1 
7.15168450089-001 
7.54956963494-001 
7.91610526010-001 
8.27758199863-001 
0.00000000000*000 
0.00000000000*000 
0.00000000000*000 
0.00000000000*000 
0.00000000000*000 
0.00000000000*000 
0.00000000000*000 
0.00000000000*000 
0.00000000000*000 
0.00000000000*000 
0.00000000000*000 
0.00000000000*000 
0.00000000000*000 
0*00000000000*000 


FIT  EMER6T 

1.79396096601-001 
1  *68341997894-001 
1*58967101960-001 
1.50843019513-001 
1.43703197830-001 
1.37405252714-001 
1*31904782826-001 
1.27237447033-001 
1*23508170860-001 
1.20888272757-001 
1*84317189847-001 
1.89642429457-001 
1.95490218500-001 
2.01748413416-001 
2.08675928499-001 
2.16304700481-001 
2.24742104292-001 
2*94119995565-001 
2.44568109877-001 
2.56279268937-001 
2.69454540382-001 
2.84940787104-001 
3*01233751870-001 
9.20489681658-001 
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THt  UEMTROrc  PRESSURE 
HIO  HZ  OZ  iOZ 
I  .Z50t50DOPOOG-OOI 
1 . 712  J53$«fi3i-rini 
2.43«»TS05C7j;tPGP 
•  .75000000PDn'Pfl? 

J  .4  1  514  142330-001 
2.5*40I26ei7l*D0n 
*.12500000000-002 
1  .l54*3Offl70fiC-DPl 
2.3  1*  3205  55  1  66  +  000 
4.28750000000-002 
9 .4452  1  33  7()4  1-002 
2.21621271596+000 
3.00125000000-002 
7.74107625703-002 
2.09358502675+000 
2 .10087500000-002 
6.3*954800959-002 
1.96351057000+000 
1  .4  7061  250000-002 
5.24508775513-002 
1.83700915276+000 
1.02942673000-002 
4.32204951105-002 
1 .72249  7601  1  !  +  onn 
7.20600125000-005 
3.57048282865-002 
1.62468067500+000 
5.04420087500-003 
2.95898311905-002 
1 .54508  3796  1  8  +  000 
1  .4  3750000000-001 
1.854  57200938-001 
2.45069050290+000 
1.65312500000-001 
1.99237526460-001 
2.45925058360+000 
1 .901  09  575000-001 
2.13470702470-001 
2.46380605275+000 
2. 18625  781250-001 
2.28065809011-001 
2.47131708467+000 
2.514  196484  37-001 
2.42999550069-001 
2.4762099*193+000 
2.89132595703-001 
2.58326301586-001 
2.48116659466+000 
3  .  32502485059-001 
2.74211005709-001 
2.486738213! 1+000 
3 .8237  785  70  f  7-OOi 
2.90971178415-001 
2.49346159568+000 
4 , 59734  5364  90-001 
3.091  55  |?95fl6-001 
2.501  9  1  788  314  +  000 
5.05694  71  65  6  3-  001 
5.295556061 52-001 
2.5lf024  38  5  S4  +  (lon 
5 .81540924508-001 
3.53442093534-001 
2.52715068211+000 
*.687ffliJfi3ip4-n0i 
5. •2854641934-001 
2.54641823022+000 
7.69098452662-001 

4.20794796172-001 

2.57296165506+000 
•.14463220561-001 
4.77385274410-001 
2.615878464 1 3+000 


AND  COMPOSl TIOM  OF 
CO  NH5  M  NO 
1  .9429  34  5(5  237  +  000 
4 .4C4  5  7  £eCl7e-004 

1 .6e«ei  64  20  1  5  +  000 
4.27236426810-004 

1  .81254  586045  +  000 
3.4ffiT6552Q0H-004 

I  .  71  553035630  +  000 
2.46967300359-004 

1  .60059  33061  3  +  000 
1  .  58037004  014  -004 

1  .46  525  274629  +  000 
5.53295742914-005 

1.369fi55C36£C+G0D 

5.20773787387-005 

1.26620256426+000 

2.7596994G2D4-005 

1.17590507610+000 
1  .47224  716272-005 

1.09998698888+000 

7.65704443135-006 

1.95718699393+000 

4.40701451781-004 

1.96071969053+000 

4.19919067973-004 

1.97767171175+000 

3.90119675890-004 

1  .98446  32  1  976  +  000 
3.53410476123-004 

1.98940943162+000 

3.12292442764-004 

1.99311074522+000 

2.69261650816-004 

I  .  99564  3  14  260  +  000 
2.26651465676-004 

1  .9973  54  9933  1  +  000 
1.86411700640-004 

1  .  9984  6  76798  1  +  000 
1.50020381537-004 

1  .999  !  5  8  30  14  5  +  000 
i  .  1  84  8  9  502262-  004 

1.99956382223+000 
S. 23978456376-005 

t  .99978  605  77  7  +  000 
7.24133000591-005 

1.99989455165+000 

6.12809622201-005 

1  .99995670052  +  000 
4.94629095698-005 


FROOUC  TS 
tic  OH  CH4 
2.85546241759-001 
1,59467591177-005 

3.92779436434-001 
1 .04  2  i296380*-005 

5.02161665886-001 

5.70126416006-006 

6.07156700846-001 

2.67038939561-006 

7.03295976635-001 

1.09775870870-006 

7.88024569239-00! 

4.08701079303-007 

6.60285983279-001 

1.42194275079-007 

9 . 20244  326376-001 

4.74954230687-008 

9.68950577055-001 

5.19599685240-OlD 

1 .D0802963436+DCD 
3.79695216023-010 

2.46762134517-001 

1.01561457110-005 

2.09989200094-001 

1.99963811933-005 

1.76087362507-001 

2.14552806190-005 

1.45441142401-001 

2.24186738169-005 

1  .  1  8293676660-001 
2.20DO9S1OC92-OG5 

9.47371072039-002 

2.25518944386-005 

7.47201037194-002 

2  .  166  54  3  0  292  3-005 

5.80679393316-002 

2.01859456183-005 

4.45i2445l!39-0(}H 

1.82107043317-005 

3.37299049081-002 
1 .58877006504-005 

2.53657745181-002 
1  .  34  24  04  8  08  2  9-005 

1 .91270  7225  59-002 
1.11149236595-005 

1.49936858535-002 

9.69879027332-006 

1.17679901351-002 

7.36790726046-006 


SOL  C 

4.05839841036-008 
4.  1  3874  326805  -001 

5.78585000343-010 

4.29337718186-001 

4.69598313156-010 

4.42265605425-001 

3.47036009038-010 

4.52772596953-001 

2.27045873609-010 

4.61259069045-001 

1.25063506355-010 

4.68153055202-001 

5.24360280267-011 

4.73784490137-001 

1.42288601405-011 

4.70305728693-001 

1  .  00000000000-01  1 
4.82147505596-001 

l.OOQQOQQOOOO-011 

4.05205004215-001 

4.74076724011-000 

4.07272317450-001 

5.29298343462-000 

4.00371238500-001 

5.67410165091-006 

3.93253921125-001 

5.05265097130-000 

3.05955886150-001 

5.79679225541-000 

3.78400024470-001 

5.50742666095-000 

3.70525573260-001 

5.00463166594-008 

3.62883664426-001 

4.53694343903-008 

5.54504317820-001 

6.39703946540-010 

3.45423329655-001 

6.03316237790-010 

3.35225253040-001 

5.61056562232-010 

3.23272246209-001 

5.16260135634-010 

3,08567121571-001 

1.16961566334-000 

2.09597752519-001 

4.20324675014-010 

2.61303670041-001 


3.17354519317-003 

2.01695791210-005 

6.76151842081-003 

2.71644278853-005 

1.26983376726-002 

2.86934189430-005 

2.14043401386-002 

2.47809738788-005 

3.28752377045-002 
1  .81297256524  -005 

4.68107484202-002 

1.16524772721-005 

6.28178640918-002 

6.80224186942-006 

8. 05095374821  -002 
3.70075521813-006 

9.95590563597-002 

1.93088421246-006 

1.19692907430-001 

9.76033001122-00^ 

2.20047612000-003 
1  .690055  30740-005 

1.60635777623-003 

1.34905042912-005 

1.09900195033-003 

1.03010683299-005 

7.32049294010-004 

7.50993805652-006 

4.71804546004-004 

5.21443089467-006 

2.92921424263-004 

5.43853154005-006 

1.74000605247-004 

2.14694406540-006 

9.02649043771-005 

1.26537793757-006 

5.21909171191-005 

7.02141190309-007 

2.58066486565-005 

3.66574735327-007 

1.17485805256-005 

1.80511361268-007 

4.89926299032-006 

8.58714186976-008 

1.96957249777-006 

4.44221615832-008 

5.95281876458-007 

5.51834809191-010 


5.06817297420-002 

5.06465686348-001 

9.66229561106-002 

5.02602865741-001 

1.62025068544-001 

5.05956001904-001 

2.43633511361-001 

5.18749432532-001 

3.33640990542-001 

5.39900745007-001 

4.23113695444-001 

5.66S64906Q52-OO1 

5.04501651017-001 

5.95591312128-001 

5.72684604501-001 

6.24300256907-001 

6.24974079770-001 

6.50705300866-001 

6.60626059867-001 

6.73797156517-001 

3.01980943586-002 

5.08632126624-001 

2.80340011712-002 

5.11109057450-001 

2. 00968145025-002 
5.12917330789-001 

1.40426359820-002 

5.13906230056-001 

9.53882793463-003 
5. 13779405588-001 

6.27731136018-003 

5.12263172552-001 

3.98470334998-003 

5.09102922854-001 

2.42693061620-003 

5.04013200597-001 

1.40900822756-003 

4.96620909717-001 

7.73829877717-004 

4.86375978230-001 

3.99074925940-004 

4.72430494386-001 

1.92941872900-004 

4.53383920740-001 

9.17425973343-005 

4.26944452774-001 

3.46516030963-005 

3.86086288981-001 
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UffCTHANE  FOAM 

PMCSSURF- VOLl/NE  MENTfiOPC 
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/iPPENDIX  B. 

THE  BKW  HUGONIOT  FOR  0.jJ2-g/cc  POLYURETHME  FOM  MD 
THE  ISENTROPE  THROUGH  THE  90-kbar  HUGONIOT  VALUE 


A  FORTRAN  BKW  CALCULATION  FOR 
URETHANE  FOAN 


THE  NUMBER  OF  ELEHENT5  15  4 

THE  NUMBER  OF  (AS  SPECIES  IS  U 
THE  NUMBER  OF  SOLID  SPECIES  IS  1 


THE  BKW  EQUATION  OF  STATE  PARAMETERS  ARE 

ALPHA:  S.OOOOOOOOOOOE-Ol  BETA=  1 . 600000000QOE- 0 1  THETA=  4  . OOOOOOOOOOQE  +  02  KAPPA=  1 .09097T$4436E*01 
THE  COMPOSITION 

S.QOOODOOOQOQEiQO  HOLES  OF  C 

7.000000QQ000E4Q0  MOLES  OF  H 

1<OOOOOOOOOOOE400  moles  of  n 

2.ooooaooaoooE*oo  moles  of  o 


THE  DENSITT 


IS  3.2000Q0Q0000E‘0l t  CRAMS/CC 


THE  MOLECULAR  WEUHT  IS  8 . 909  4  0  OODOOOE  + 0 1  tRAMS 


THE  HEAT  OF  FORMATION  AT  0  DEQ  K  IS  -  7 .  TOOOOOOOODOE  +  OA  CALORIES  PER  FORMULA  WEUHT 


THE  SOLID  (COWAN)  EQUATION  OF  STATE  PARAMETERS  VO,  AS,  BS,  CS,  OS,  ES, 


Al,  A2,  Cl,  C2,  C3,  ATOMIC  WT 


SOL  C  4.44444444444E‘01 

-2.26705345948E-01 


8.3D935837268E-01 

1.20516569525E-01 


1.39381809219E+00 

8.3l60000Q000E-a2 


8.  7256971  6021E-01 
“1.75590000000E-01 


1.1353726250eE-0i 

US5310000000E>01 


6.491S5882007E-Q3 

1*20100000000E«01 


THE  INPUT 

0 

2.0E+00 

PRODUCT  ELEMENTAL  < 
0  I.DE+DO 

COMPOSITION 

0 

MATRDC 

2.0E+00 

0 

0 

0 

0 

0 

2.0Ef00 

l-OE+OO 

0 

0  2.QEi00 

l.OE+00 

0 

0 

l.OE+00 

0 

3.0E+00 

1.0E400 

0 

0 

l.OE+00 

0  0 

0 

0 

l.OE+00 

l.OE+00 

0 

0 

2.0E400 

0 

0 

l.OE+00 

0  l.OE^OO 

l.OE+00 

4.0E+D0 

0 

0 

l.OE^OO 

0 

0 

0 

THE  BKW  HU&ONIOT  FOR 
URETHANE  FOAM 


PRESSURE  :  5 . DOQOQQQDOOOE- 01  VOLUME  :  5 . 1 60 79946Q84E- 0 1  TEMPERATURE  :  9 .07712995661E^03 

SHOCK  VELOCITY  =  1 . 368 0 5 70 359  5E* 00  PARTICLE  VELOCITY  =  9 . 72 1 29 2 79 223E- 0 1  UNITS  ARE  MBARS,CC/6M,  DE6  K,  AND  CM/M  I CROSECONO 


SPECIE 

NO  OF  MOLES 

H20 

1 . 53427328653E+00 

H2 

5»55510711T94E“Q1 

02 

8.52575047742E-04 

C02 

1 <  738042042382-02 

CO 

4.082818928542-01 

NH3 

2.Q3549384286C-01 

H 

8.392647300e4E-02 

NO 

1.602953T0251E-02 

N2 

3. 9021253934 5E-01 

ON 

4.94929264766E-03 

CH4 

5.30250021210E-D1 

SOL  C 

2.0441076655lEiOO 

22 


PRESSURE  =  4.50000000000E-01  VOLUME  =  5.40917S31609E-01  TEMPERATURE  =  |.l38l2«2554E*a3 

SHOCK  VELOCITT  r  1 . 3040T5201 SSE+OO  PARTICLE  VELOCITY  =  9 . l93734S«ieE-Ql  UNITS  ARE  MBAR8,CC/9M,  DE6  K>  AMO  CM/MI CRO8ECOM0 


SPECIE 

NO  OF  moles 

H20 

1.465T523T619E+00 

H2 

5.5465Q8936S3E>01 

02 

7.791T1078048E-04 

C02 

1.979054017Q0E-02 

CO 

4.725202n070E“0l 

NH9 

2.02682728257E-01 

H 

7. 96882838 540E-02 

NO 

l.5i232477406E-02 

N2 

3.91097012001E-01 

OH 

5.46474250233E*03 

CH4 

5.6649e062l96E-01 

SOL  C 

1>94119118656E*00 

PRESSURE 

:  4.0000000000QE* 

SHOCK  VELOCITY  =  1. 236462 

SPECIE 

NO  OF  MOLES 

H20 

1.390$3158057E4Q0 

H2 

S.S9860108042E-01 

02 

6.80093236748E-04 

C02 

2. 2093569071 7E-02 

CO 

5.44097652733E-D1 

NH3 

2.01065786528E-01 

H 

7.56947697545E-02 

NO 

1.38 782764858E-02 

N2 

3.92927968493E>01 

OH 

5.94516559953E>03 

CH4 

6.D3594831962E-01 

SOL  C 

1.8302139462SE400 

PRESSURE 

=  3.50000000000E- 

5.S9964945277E-01  TEMPERATURE  :  S . 5973249 7553E403 


SHOCK  VELOCITY 


0!  VOLUME  =  e.045l4336612E>01  TEMPERATURE  =  I .2543429ll70E*03 

l.l64504866i8E400  PARTICLE  VELOCITY  :  I >041 74901 SSSE-Ol  UNITS  ARE  NBARStCC/9M,  DE9  R.  AND  CM/N I CROSECOND 


SPECIE  HO  OF  MOLES 
H20  1.30958390427E+00 

H2  S. 726fi230SSe4E-0l 

02  5.SS5S68T5375E-04 

C02  2.41025396S53E-02 

CO  6.22496451322E-01 

MH3  1.983B7525474E-01 

H  7.17239141724E-02 

NO  1.22673358680E-02 

N2  3.946725«9329E>01 

OH  6.33009546072E-05 

CH4  e.40572747070E-0l 

SOL  C  1.7i282e29l94E*00 


PRESSURE  =  3.OOO0OOQOO0OE-O1  VOLUME  =  9.46418994330E-01  TEMPERATURE  s  7,8S237646344E+03 

SHOCK  VELOCITY  =  1 . 08 719 7303 59E4 00  PARTICLE  VELOCITY  =  7.40389351 754E-01  UNITS  ARE  MBAR8iCC/9M,  DE6  Ki  AND  CM/Ml CROSECOND 


SPECIE  NO  OF  moles 


H20 

1.2253O8296eOE4Q0 

H2 

5.95241928823E-01 

02 

4.21516711665E-04 

C02 

2.S6q08446152C'02 

CO 

7.0585a496222E-0l 

NH3 

1.94194205328E-01 

H 

6.73288239221E-02 

NO 

1.02771842041E-02 

N2 

3.97764505234E-01 

OH 

6.51930011471E-03 

CH4 

6.756l7202ieiE-ai 

SOL  C 

1 .59293145698E400 

23 


PRESSURE  =  Z.SOOOGOOOOOQt^Ol  VOLUME  :  6. 9| S24946774E>01  TEMPERATURE  =  7. 42 1 58 72420 lE^OS 

SHOCK  VELOCITY  =  1 . 00 3028 6650 2E> 00  PARTICLE  VELOCITY  =  6. 7tl87625594E-0l  UNITS  ARE  HBAR8,CC/6Mr  DEC  K,  AND  CM/M  I CROSECOMD 


SPECIE  NO  OF  MOLES 
H20  1 .14354734701E+OO 

HZ  6. 3OS40437151E-O1 

OZ  2.800590eZ359C-04 

COZ  2.63707l461flOE-O2 

CO  7.a887Z149095E-01 

NH3  1 .07798O29419E-O1 

H  6. 15450497Z61E-O2 

NO  7.9t850775880E-05 

NZ  4.02l4l7314tlE-01 

OH  6. 34444794011E‘03 

CH4  7.05l3i00104lE-Ol 

SOL  C  1 .4796l8t  3525E  +  00 


PRESSURE  =  2.O0O00D000OOE-01  VOLUME  =  7. 63578482468E-01  TEMPERATURE  = 

SHOCK  VELOCITY  =  9 . 09446 54  1  31 4E- 0 1  PARTICLE  VELOCITY  =  5 . 9 5204 589 1 TQE- 01 


6.81155866520E^03 
UNITS  ARE  MBARS.CC/CMi 


DEC  K.  AND  CM/MICROSECOND 


SPECIE  NO  OF  MOLES 
HZO  1.08Q446Q6309E*0Q 

HZ  6.81Z08379191E-01 

OZ  1.49343898e66E-04 

COZ  2.63186659444E-02 

CO  8 . 55849339785E-01 

NH5  1. 780943314512-01 

H  5.Z17653Z3829E-02 

NO  5,Z4784545296E-03 

NZ  4.083Z89tlS48E-0l 

OH  5.51833198403E-03 

CH4  7.Z11T7364179E-01 

SOL  C  1.396C5463Q09E*00 


PRESSURE  =  1.5OOO0Q0OO0OE-O1  VOLUME  r  8 .42882015147E-01  TEMPERATURE  =  5 . 90940 100351E+OS 

SHOCK  VELOCITY  =  8 . 011 7088 199 3E-01  PARTICLE  VELOCITY  =  5 .  11045030628E-01  UNITS  ARE  MBARS,CC/CM.  DEC  K.  AND  CM/MiCROSECOND 


SPECIE  NO  OF  MOLES 


NZO 

1.O91607S5O38E«OO 

HZ 

7.  39145Z5ZZ65E-01 

OZ 

4.94636119314C-05 

COZ 

Z.55Z69198Z92E-0Z 

CO 

8.511037Z8805E-01 

NH3 

1.63O6190OZ91E-O1 

H 

3.456059733ZZE-02 

NO 

2. 4551890820 7E-05 

NZ 

4.172414153132-01 

OH 

3.6007e484654E-03 

CH4 

7.02746772912E-01 

SOL  C 

1.42062257845Ef00 

PRESSURE 

=  l.OOOOOOOOOOQE- 

SHOCK  VELOCITY  =  6.653451 

SPECIE 

NO  OF  MOLES 

HZO 

1.35824775060E+00 

HZ 

7.Z559Z49Z04ZE-01 

OZ 

3.68Q05035184E-06 

COZ 

2.Z9040617327E-OZ 

CO 

5.94502790S95E-01 

NH3 

1.36448100079E-01 

H 

9.06956433924E-03 

NO 

3. 79340271576E-04 

NZ 

4.3O586Z79025E-O1 

OH 

8.9503B>6^255E-04 

CH4 

6.01753153T43E-01 

SOL  C 

1.7807<;9I9413E*00 

9.19019094703E-01  TEMPERATURE  =  4 . 454499T8925E«03 

TICLE  VELOCITY  =  4 . 180 T31 33474E-01  UNITS  ARE  MBAR8,CC/CM, 


DEC  K. 


AND  CM/MICROSECOND 


OllPLACCO  BKU  ISENTIOPE 
UiCTHANC  FOAM 


LN(F) :>B.SIS1«045||4«000 


LN(T)=  I.tl2»75495)l*000 


LN(C) =-|.4l09*«l07|J-001 


-2.2STZIS2l€(}4«Q00lNy 

•9.79I0514311S'0Q1LNV 

4.17S01397044-001LNP 


2.11214011320-001  INV*2 

-7.90479270650-003  LMV*2 

6.04115394027-  002  LNP42 


6. 2654770361 6-002LNV43 

1.033374902I4-00UNV43 

1.15042935475-002LNP43 


-6.59273619193-002LNV44 

-2.4391056I377>002LNV*4 

7.96660426S51-004LNP44 


THE  CONSTANT  ADDED  TO 


PRESSURE  (MBARS) 

9.00000000000-002 
6.30000000000-002 
4.41000000000-002 
3.01700000000-002 
2.16090000000-002 
1.51263000000-002 
1.05IS4100000-002 
7.41198700000-003 
S.tSB92090000-003 
1.03500000000-001 
1.19025000000-001 
1.36671750000-001 
1.57410562500-001 
1.11022146175-001 
2.0S175468906>001 
2.39401769242-001 
2. 75312057629-001 
3.16608666273-001 
3.64100196214-001 
4.16715225646-001 
4.61522509493-001 
5.53750665917-001 
6.36613516604-001 
7. 32335546625-001 
6.42165676616-001 
9.66513760411-001 


ENERGIES  WAS  1. 


VOLUNE  (CC/6H) 

9.33666544961-001 

1.0966022673H000 

1.29603614090»000 

1.53908371209*000 

1.63366519458*000 

2.19398940562*000 

2.63693561910*000 

3.16520551793*000 

3.66945669085*000 

6.77250462160-001 

6.24414030551-001 

7.75209495034-001 

7.29369474154-001 

6.66659293196-001 

6.47137391721-001 

6.10060464697-001 

5.75465526502-001 

5.43207614611-001 

5.13001212699-001 

4.64611937529-001 

4.57749441666-001 

4.32062200779-001 

4.07049016965-001 

3.81694167898-001 

3.53371609699-001 

3.30606399088-001 


001 


TENPERATURE  (DEC  K) 
4.10660435258*003 
3.72632703915*003 
3. 38544561369*003 
3.08514177173*003 
2.82832140470*003 
2.60764684409*003 
2.41769121459*003 
2.25333268611*003 
2.11010522043*003 
4.26669792752*003 
4.42680709974*003 
4.58802673403*003 
4.74842647639*003 
4.90595256954*003 
5.06455776669*003 
5.21172075601*003 
5.35041679814*003 
5.479  69637745*003 
5.59927304103*003 
5. 7095632327l«003 
5.61165467570*003 
5.90733208338*003 
5.99944186829*003 
6.09387107678>003 
6.20807328486*003 
6. 30526435089*003 


ENER6T*C  (NB-CC/6H) 
1.98611080021-001 
1.86284105536-001 
1.75824623704-001 
1.66820122720-001 
1.59218957176-001 
1.52713725064-001 
1.47117801751-001 
1.42271111841-001 
1.38038464655-001 
2.04120367616-001 
2.09924197870-001 
2.16139792966-001 
2.22800646555-001 
2.29942988854-001 
2.37810480820-001 
2.46081900289-001 
2.54952463106-001 
2.64476819577-001 
2.74728785939-001 
2.85811396811-001 
2.97873324151-001 
3.  11140279732-001 
3.26001027356-001 
3.43335687611-001 
3.65618577126-001 
3.86091332249-001 


6AMNA  r-OLNP/DLNV) 
2.26531789716*000 
2.19610462763*000 
2.11894751626*000 
2.04127346090*000 
1.97075113240*000 
1.91714115615*000 
1.89123564665*000 
1.90550083934*000 
1.97467983907*000 
2.28880979693*000 
2.30997003637fQOQ 
2.32834098742*000 
2.34363057061*000 
2.35556507932*000 
2.363849643674000 
2.36836128987*000 
2.36890007437*000 
2.36522653174*000 
2.35717542411*000 
2.34451188464*000 
2.32688088092*000 
2.303680212474000 
2.273755839654000 
2.234307352594000 
2.17662262892*000 
2.11715922725*000 


PARTICLE  VELOCITT 
4.44094596652-001 
5.11009750629-001 
5.72156250291-001 
6.27939659690-001 
6.79406210536-001 
7.27009057312-001 
7.71421365203-001 
6.13314656313-001 
8.53262351696-001 
0.00000000000*000 
0.00000000000*000 
0.00000000000*000 
0.00000000000*000 
0.00000000000*000 
0.00000000000*000 
0.00000000000*000 
0.00000000000*000 
0.00000000000*000 
0.00000000000*000 
0.00000000000*000 
0.00000000000*000 
0.00000000000*000 
0.00000000000*000 
0.00000000000*000 
0.00000000000*000 
0.00000000000*000 


THE  ISENTROPE  STATE  VARIABLES  AS  CONPUTEO  FRON  THE  LEAST  S9UARE  FIT 

BKW  PRESSURE  FIT  PRESSURE  BKW  TENPERATURE  FIT  TENPERATURE  BKW  ENERtT  PLUS  CONSTANT  FIT  ENER6T 


9.00000000000-002 
6.30000000000-002 
4.41000000000-002 
3.06700000000-002 
2.16090000000-002 
1.51263000000-002 
1.05664100000-002 
7.41166700000-003 
5.16632090000-003 
1.03500000000-001 
1.19025000000-001 
1.36676750000-001 
1.57410562500-001 
1.61022146675-001 
2.06175466906-001 
2.39401769242-001 
2. 75312057629-001 
3.16606666273-001 
3.64100196214-001 
4.16715225646-001 
4.61522509493-001 
5.53750885917-001 
6.36613518604-001 
7.32335546625-001 
6.42165676616-001 
9.66513760411-001 


6.97561523576-002 

6.24326763941-002 

4.35601669060-002 

3.05664291670-002 

2.15153700961-002 

1.51661619042-002 

1.07052763330-002 

7.46477526973-003 

5.13625397061-003 

1.03443699399-001 

1.19328412923-001 

1.37636128362-001 

1.56699761302-001 

1.62676471750-001 

2.10337021194-001 

2.41653516162-001 

2.77702096397-001 

3.18366002293-001 

3.64423121651-001 

4.16618655845-001 

4.75987725456-001 

5.44099262146-001 

6.23689415649-001 

7.21014420664-001 

8.54720223414-001 

9.86119281004-001 


4.10660435238*003 

3.72632703915*003 

3.36544561369*003 

3.06514177173*003 

2.12832140470*003 

2.60764664409*003 

2.41769121459*003 

2.25333268811*003 

2.11010522043*003 

4.26669792752*003 

4.42680709974*003 

4.58602673403*003 

4.74642647839*003 

4.90595256954*003 

5.06455778669*003 

5.21172073601*003 

5.35041879614*003 

5.47969637745*003 

5.59927304103*003 

5.70956323271*003 

5.61165487570*003 

5.90733208338*003 

5.99944186829*003 

6.09367107678*003 

6.20807328488*003 

6.30526435089*003 


4.11624971203*003 
3.  7460  7346701«Q03 
3.40470101129*003 
3.09932740384*003 
2.83062700805*003 
2.60023711815*003 
2.40665994406*003 
2.24709412367*Q03 
2.11795289297*003 
4.26642485631*003 
4.41980661517*003 
4.57464210909*003 
4. 72994416905*003 
4.88457950976*003 
5.03623037984*003 
5.18566535484*003 
5.33060957470*003 
5.46978469562*003 
5.60204269517*003 
5.  72638825706*003 
5.64195526258*003 
5.94796063926*003 
6.04370151635*003 
6.12882360227*003 
6.20229144551*003 
6.23733606924*003 


1.96611080021-001 

1.86284105536-001 

1.75824623704-001 

1.66820122720-001 

1.59216957176-001 

1.52713725064-001 

1.47117601751-001 

1.42271111641-001 

1.36036464655-001 

2.04120367616-001 

2.09924197870-001 

2.16139792966-001 

2.22800846555-001 

2.29942968854-001 

2.37610480820-001 

2.46081900289-001 

2.54952463106-001 

2.64476819577-001 

2.74728785939-001 

2.85811396611-001 

2.97873324151-001 

3.11140279732-001 

3.26001027356-001 

3.43335687611-001 

3.65618577126-001 

3.66091332249-001 


1.98887665236-001 
1.86693349953-001 
1. 76213872233-001 
1.67143769091-001 
1.59260363669-001 
1.52501330005-001 
1.46749297626-001 
1.42022010660-001 
1.36367169154-001 
2.04223973616-001 
2.09922592425-001 
2.16021646410-001 
2.22564646656-001 
2.29601243981-001 
2.37166132556-001 
2.45390087925-001 
2.54261207543-001 
2.63946384816-001 
2.74463067412-001 
2.66003362046-001 
2.96636562700-001 
3.12532196093-001 
3.27863716259-001 
3.44632970733-001 
3.63675656200-001 
3.64668004118-001 
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THe  IlCNTKOPt  PRtlSURE  AND  COMPOSITION  Of 
MiO  02  C02  CO  MM3  H 

f.OOOOOOOODOO>002  t.4SlA27S9729t000 

I  .  321  2  74*  29  90-  001  5  .  51  1*  9 1 4  1  0  T 3- 00  5 

1.900411913944000 

9.  300000000  0  0-  002  1  .  304  0  7$ I  7  52  44 QOO 

1.11305929344-001  4.25309242900-003 

1 . 7557513I497*000 

4.4100000000  0-002  1  .  1 4Q4  0  1  2  5  79Q4  000 

9.2549579931 7-002  2.95934149108-003 

1 .91390197370*000 

3.09  700000000-  002  1 . 02 74  1  2 3 58  74 4  000 

7.92199921181-002  1.89314411092-003 

1.41107543057*000 

2.14090000000-002  9.04448121034-001 

4.25551  228  1  2  7-  002  1  .  1 5  762  5  7l  34  5-  00  3 

1 . 3548384891 54000 

1.51243000000-002  7.97924135996-001 

5.11811053884-002  4.82408465121-004 

1 .248232302564000 

1.05884100000-002  7.08896699376-001 

4. 18897361448-002  3.92251234144-004 

1.158055124114000 

7.41  188  700000-  00  3  6.3756608  5920-  001 

3.43706751 353-002  2.21544699807-004 

1.087144327684000 

5.18852090000-003  5.82725966073-001 

2.83168728493-002  1.23560094644-004 

1 .03490357918+000 

1.03500000000-001  1 . 30 784 63 752 1 4 000 

1.40673048816-001  5.95073734534-003 

1 .933797008534000 

1 . 19025000000-001  1.565555714144000 

1 .49350  1  74  72  5-  001  6 . 20 0 1 0  71  748 9 -  00  3 

2.013219011564000 

1 . 368 78 750000-001  1.622554529064000 

1  .  58107074534-00!  6 , 32 60 5 09  7550 “ 00 3 

2.070548182414000 

1 , 57410562500-00!  1.678291506614000 

1.6 49 163 74 08 7- 001  6. 28 842132828- 00 3 

2.  1273248  76394000 

1.8102214 68  75-  00 1  1  .  73 1990023194000 

1  .  75  78  484  33  6  6-  001  6 . 08 0  64  0  3 1  72  1  -  00  3 

2. 182764521 684000 

2. 08 1754 68 906-001  1. 78 00729 01734000 

1.84716  28  39  95-001  5. 764  35  74  303  6- 003 

2.233695962244000 

2. 59401  76  9  24  2-  001  1  .  8  2  75  1  1  39  14  54  000 

1.9 38 9551200 7- 001  5. 262849 73535-003 

2.282969833974000 

2.75312057629-  001  1  .  8 68 9 4 84  3  70 0^ 000 

2.03433633920-001  4. 63 72 7066729-003 

2. 327390227464000 

3.1  660686  62  7  3-  001  1  .90436  38  1  1494000 

2.13598253256-001  3.99316439623-003 

2. 363911436594000 

3.64100196214-001  1.933231201634000 

2.24580301173-001  3. 317 38 614 60 6- 003 

2.398056650854000 

4.18713225646-001  1.955643929084000 

2. 36  71  3  369  78  3-  001  2 . 6  72  39  21  758  3-  00  3 

2.424 121589244000 

4. 81522  50949  3-  001  I,9  72069733£0*000 

2.50424836903-001  2.09014162858-003 

2.445127051164000 

5.33750185917-001  1.98 34 336394 74 000 

2.8  6313664  71  3-  001  1  .  59 1 1 8  38  1  75 9  -  00 3 

2.462733289124000 

6.  368  1  3318804-001  1.99  080908  13  34  000 

2.8  559  7368  0  10-001  1  .  11409  08  2  521-00  3 

2.479190488174000 

7.  92335346625-  001  1  .  99 52 6 320  788 4 000 

3.10027061277-001  8. 69651 156469-004 

2.497225315344000 

•  .4218  58  78  618-  001  1 . 99  7790  1 0 21 000 

3.4  9514  414  399-001  6 . 49 1 29  30 2 60 8 - 00 4 

2.921080839394000 

9.68S1  3  76Q41  1-  001  1 . 99 9 0 6  75 3 2 7 74 Q Q Q 

3.92640071114-001  4.68323549781-004 

2.555998253234000 


PROOUC  TS 

N2  OM  CH4  SOL  C 
7.00361355369-001  1.41364210065-006 

1.969  50  14  1  3  35-  004  4 .  3 38  3  768  34  64- QO 1 

1.  782  1  64  5  6824-00  1  4 .  70  3529 3 7629  -  DO  7 

I. 90524534466-005  4.44 302659090-001 

1.043628464754000  1.29596992910-007 

3.64407231567-003  4 . 5 3 708489 6 73- 00 1 

1. 192920266784000  6.23407244300-010 

1.3 79 73 63 5021-005  4.61848105124-001 

1. 324600493584000  4.27085537436-010 

5.03013255555-006  4.68719573527-001 

1 .435697005524000  2.66770949340-010 

1  .  78  708  1  5  50  76-00  6  4  .  74  4  08  5  53  765-  001 

1 . 526893448644000  1.45838596984-010 

6. 27749448468-007  4 . 790548 180 53-001 

1.600028995364000  6.45486221511-011 

2. 20264035799-007  4.82814552300-001 

1.657538811364000  2.02627171169-011 

7. 76980044935-008  4.83841524726-001 

6.32284234057-001  2.23457856267-006 

2.  608  69  52118  9-004  4 . 29  5  330408  31-001 

5. 644  719  5641  7- 001  3.2241  7725570-  006 

3.35533303584-004  4.25157145986-001 

4. 98  70 18  1 91  5  7-001  4.4  75621  168  90-006 

4. 20187856346-004  4. 20 736368805-001 

4. 35772421784-001  5.94720140921-006 

5.107417261 75-004  4. 16286442093-001 

3. 76410981134-001  7.52560203541-006 

6.00706467526-004  4  .  1 180622498  3-  00 1 

3.22056285605-001  9.16391278097-006 

6.8896861 3558-004  4.07297373696-001 

2. 71495848486-001  1.03943892852-005 

7.  5  38  309  098  7  7-0  04  4.02675  328  54  1-00  1 

2.25837766293-001  1. 106784048 14-005 

7.91594671586-004  3.97877285704-001 

1.8  52  34  0  5  7630-001  1  .  1 0  30  700008  1- 00  5 

7.  9  6590  72  31  2  3-004  3.  92802  5  78  009-  0  01 

1 .49714119760-001  1.02734693852-005 

7.  6  763  702  728  7- 004  3.1  73259  30900-  001 

1.1920710 54 71-001  8. 93450657379-006 

7.  08  2051  62151-004  3. 81  28  921352  7-  001 

9. 3509858 7288-002  7.25542049007-006 

6.2561500465  7-  004  3.  74  4  74  7  74  046-001 

7. 234 753 78 322-002  5. 499981 94 502-006 

5  .  29  1  328  502  71-  004  3. 6655 360 1  2 18- 00 1 

5. 53562334896-002  3.89192100231-006 

4. 284  78  69  214  2-004  3. 5  698  7Q  7664  9-001 

4.21662891911-002  2.58057783535-006 

3. 32954557238-004  3.44819992113-001 

3.26056323830-002  1.64426866688-006 

2.  521801  748  66-004  3.280  76  702  74  3-001 

2.52080583249-002  8.93198773577-007 

1. 71636428642-004  3.03594146229*001 


2.1 7494142642-002  5.04341142492-001 

5.527102  67299-  004  5  .  754  9  7*  59  30  5-  00 1 

2.65691489211-002  6.42674268613-001 

4.185  651  304  33-  004  5  .  7520  51  •  749  6- 00 1 

3.09446875330-002  7.77385309756-001 

2.895573591 73-004  5 . 7776 30 290 1 2- 00 1 

3.55664237469-002  9.01260218282-001 

1 .807766754  60-004  5 . 1 209  7  70 7404- 00 1 

4.01919760745-002  1 . 0 148 366 730 7* 000 

1 .0621  5  7621  78-004  5 . 88 1  328  61  714- 00 1 

4.486508  62990-002  1  .  1  122844  712  5*000 

5.94325443539-005  5.94618139892-001 

4 .9  7078  743511-  002  1  .  1 9 1  654  7771  5* 000 

3.214  6  731  75  73-005  6 . 00 58  1 524 39  2- 00 1 

5.49228392199-002  1 . 25256901 606*000 

1 .699918  30  7  70-005  6.0  5  36381  7039-001 

6.07655277714-002  1 . 295 73404 12 7*000 

8 .85957561608-006  6.08596851 778-001 

1 .9928  7323143-002  4. 514  6  779  1  69  1-001 

5.63031788556-004  5. 72806467469-001 

1.80275  2  571  21-002  5.9  74  7341  5  39  3-001 

5. 75837380253-004  5. 71210047537-001 

1  .6068  31  51907-002  3.44  314  73641  7-001 

5.64965038630-004  5. 69068765986-001 

1.40507782765-002  2.92549414884-001 

5.  3488  58  229  73-004  5. 6  60  749  2844  9-001 

1.19921351389-002  2.42925300252-001 

4.84648607420-004  5.62318042931-001 

1.00035099943-002  1 . 9 788 929 5 399- 00 1 

4.23486442533-004  5.58411232368-001 

8.00871632185-003  1.55349243937-001 

3.47312276903-004  5.53672205771-001 

6.  1444  54  61  1  74-  00  3  1  .  1  768  02  748  33- 00  1 

2.68648593826-004  5.48785043099-00! 

4.48905516060-003  8 . 5 64 4 224 333 3- 002 

1.9  5201  728  020-  004  S . 4  39  5 528  39  1  3- DO  1 

3.  103890  372  54-  003  5.9  62004  021  1  2-00  2 

1.32793443195-004  5.39219418526-001 

2. 01 75  ISO  3984-  00 3  3.9  5  10624  5  71  3-  002 

8.43440943429-005  5 . 34 35 02 71 14 5- 00 1 

1.2238  22  318  10-  003  2 . 4  79  2  38  3  71  71-  002 

4.99126037652-005  5.28856562802-001 

6.86012091274-004  1.46267096799-002 

2. 74738 532956-005  5.21931988399-001 

3.  508  564  34  74  7-  004  I.  0  38 1  7728  760-00  3 

1.40659360306-005  5.12419777391-001 

1.6110  72  2  54  34-004  4.0  69  7201602  5-00  3 

6. 74219822346-006  4.98545157269-001 

6.  5  5849469068-005  1 . 1 80 5254 600 6- 00 3 

3.13374946589-006  4 . 769 732 56199- 001 

2.07764195221-005  7. l 62184 1 2904-004 

1.27315287425-006  4.43264751942-001 
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PRESSUR£- VOLUME  ISENTROFE 
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APPENDIX  C 


THE  BKW  HUGONIOT  AND  ISENTROPE  FOR  A  0.5-g/cc 
FOAMED  MIXTURE  OF  URETHANE  AND  ADIPIC  ACID 


A  BkW  CALCLK_AT104  FOR 

FOAMtC  MiXTUltE  OF  URtTHANe  AND  ADIPIC  ACID 

THE  NCA*EP  or  elements  is  4 

THE  NU»«ER  OF  (;aS  species  IS  11 

THE  Nl^ER  or  SOI.  ID  SPECIES  IS  I 


THE  BKW  EOUATION  OF  STATE  PARA>CTE»iS  ARE 

ALF>HA=  3.00000000000E~01  B£TA=  I  .60000(X>OOOOE-01  THETA^  4 .00000000000 Ef 02  KAFFA-  1  .090977B4436E^01 


THE  COMPOSITION 

I .2SOOOOOOOOO£*Ol  MOLES  OF  C 
1  .7a700000000E+01  MOLES  OF  H 
I .OOOOOOOOOOOE+00  MOLES  OF  N 
4,9SaoOOOOOOOE^OO  MOLES  OF  O 


THE  DENSITY 


IS  5 .OOOOOOOOOOOE-01 ,  &RAMS/CC 


TNE  molecular  WEI&HT  IS  2 .61 1 5S9B0000E+02  &RAMS 


THE  HEAT  OF  FORMATION  AT  0  DE&  K  IS  .25000000000E»05  CALORIES  PER  FORMULA  WEI6HT 


THE  solid  (COWAN)  EQUATION  OF  STATE  PARA)CTERS  VO.  AS,  BS,  CS,  OS,  ES,  A1  ,  A2  ,  Cl,  C2 ,  C3 ,  ATCMlC  WT 


SOL  C  4.44444444444E-01  0 .309356S7266E-01  >1  .3936100921 9E<^00 

-2.267OS34S940e-Ol  1 .20516S69525E-01  0 .31600000000E-02 


6.7236971 602 1 EH31 
-1 .73590000000E-01 


-1  .1  3337262  5O0EH31 
I .55310000000E-01 


6.49l53002Oa7e>O3 
1 .20100000000E*01 


THE  INPUT 

PRODUCT 

elemental  ' 

COMPOSITION 

MATRIX 

0 

2.0E*00 

0 

1  .OE^OO 

0 

Z.OE-KW 

0 

0 

0 

0 

0 

Z.OE+OO 

1 .OE+OO 

0 

0 

Z.OE^OO 

1 .0E*00 

0 

0 

1 .OE^OO 

0 

3.0E+00 

1 .OE^OO 

0 

0 

1  .OE^OO 

0 

0 

0 

0 

1  .OE^OO 

1 .OE+OO 

0 

0 

2  .OE^OO 

0 

0 

1  .OE+00 

0 

1 .OE^OO 

1 .0E*00 

4.0E+00 

0 

0 

1 .OE^OO 

0 

0 

0 

THE  BKW  HUOONlOT  FOR 

F<-.^MCD  MIXTURE  OF  URETHANE  AND  ADIPIC  ACID 


PRESSURE  =  3  .OOOOOCiOOOOOE-Ol  VOLUME  =  4 .47081 276931  E-Ol  TEMfERATL4iE  =  7  .97516645702E»03  r/- 

SMOCK  velocity  =  I  .1348545420CiE*OO  PARTICLE  VELOCITY  =  8 .81 168433738E-01  WITS  ARE  ►«ARS,CC/&M,  DEO  K,  AFC  CM/Ml  CR«jSEC,jNC 


SPECIE 

NO  OF  moles 

H2G 

4.361O7031312E*OO 

H2 

6.64  7  56607293E‘-01 

OC 

6.93136010610E'O4 

coc 

2 .SO32O537409e-O2 

CO 

4  .91203472522E-O1 

NH3 

3.57232Oe5930E’Ol 

H 

5.75745510939E-O2 

NO 

1  .O527404567ZE-O2 

Ne 

3  .I6l20214747e-0l 

OH 

3 .61634063939C-O3 

CH4 

1 .661 3607 5020E*00 

SOL  C 

1  .03223037235E^01 
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FRCSSiAC  =  4.50000000000EH31  VOLU»C  =  4  .M5e9144l44E-01  TtMPCRATUR£  =  7 ,709692ae749e>03 

SHOCK  \ClOCITY  =  1  .0053665  727  4E400  PARTICLE  VEUOCUt  =  0 .507420467 1  eC -01  UNITS  ARE  ♦«ARS,CC/OM,  DEG  K.  ArC  CM /MICROSECOND 


SPECIE 

NO  OF  moles 

H20 

4.5OO0lll7776E^OO 

M2 

6.91304150144E-O1 

OC 

6.1487151410OE-O4 

cor 

2,0717457021OE-O2 

CO 

S.e4907675476E-01 

r*^3 

5.49777O59065E-O1 

M 

5. 55772460 5O0e -02 

NO 

9 .60O660Q5295E-O5 

N2 

5.20267135602E-01 

OH 

3. 927059161 76E -05 

CM4 

1 .69419326065E*00 

SOL  C 

1  .02121 01626OE«O1 

PRESSURE  =  4.00000000000E-01  VOLUlC  =  4 .00110666317E-O1  TEMPERATURE  =  7 .40161 555994E*03 

SMOCK  ^LOCITY  =  1 .0267201 5636E^00  PARTICLE  ^LOCITY  =  7 .77657336073E-O1  UNITS  ARE  »«ARS,CC/GM,  DEG  K,  AfC  CM/Ml CROSECONO 


SPECIE 

NO  OF  MOLES 

M20 

4.219097719O2E^OO 

H2 

7.2e441556612E-0l 

02 

5.07755922757E-04 

C02 

3.21636975141E>02 

CO 

6. 401 000001 05E-O1 

NH3 

5.4t995447606E-Ol 

M 

5.2052703O654E-O2 

NO 

0.525O3346t65E-O3 

N2 

5.24759759416E-01 

OH 

4 .13436044247E-03 

CH4 

1 .T2350699O54E^OO 

SOL  C 

1 .O1O41493210E«Q1 

PRESSURE  =  3.50000000a00E-0l  VOLUME  =  5 . 1 20O4O4O569E-0 1  TEMPERATURE  =  7 .03538925403E+05 

SMOCK  velocity  :  9 . 702402 764 1 2E-01  PARTICLE  VELOCITY  =  7 .21 46e  709369E-01  UNITS  ARE  MBARS.CC/GM,  DEG  K,  AND  CM/MI CROSECOND 


SPECIE  NO  OF  holes 


H20 

4.l4e5917930eE»00 

M2 

7 .715035T6204E-01 

CC 

3.7esO0592044E-O4 

coe 

3.40667257e25E-O2 

CO 

7 .O77021O6402E-OI 

►445 

3.3545699e015E-Ol 

H 

4.00O76137702E-O2 

NO 

7 .00763904265E-03 

3.29767601O72E-OI 

OM 

4.12799064353E-03 

CM4 

1  .74422566S14£«0C 

SOL  C 

1 .00151255006E*01 

PRESSURE  -  5.00000000000E-01  VOLUME  =  5 .40766942401E-01  TEMPERATURE  =  6.5740ie68234E+O5 

SMOCK  VELOCITY  =  9 .066341 50754E-01  PARTICLE  VELOCITY  =  6 .6164O270436E-OI  UNITS  ARE  ►«ARS,CC/GM,  DEG  K,  AhC  CM/M  I  CROSECONO 


SPECIE 

NO  OF  moles 

M20 

4.10910023045E*00 

H2 

0. 26009905051 E-01 

02 

2 .50506O4705OE-O4 

cce 

5.59154426600E-O2 

CO 

7.477O700634OE-O1 

»4<3 

5.23555220700£'O1 

H 

4.24151967656E-02 

NO 

5.14141155421E-05 

N2 

5.35661679929E-01 

OH 

3.74241442727E-05 

CH4 

1 .74571456006C^OO 

SOL  C 

9. 9706621 02 13E*00 
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PRESSURE  =  2 .50000000(X>GE-<D1  VOLUME  -  5  . 7 1 66095032 1  E-01  Tt»«^RATURE  =  5  .97001  706J 92E*03 

V40CK  VELOCITY  =  f-.3C752267224E-0l  FARTIClE  VELOCITY  i  5 .9756O310370E-O1  UNITS  AR£  ►CAfiS.CC/OM,  DE6  R,  AhC  CM/HICftOS£CONO 


SPECIE  NO  or  WXES 
H20  A  .14e7967ir)50£+OO 

«2  6.64e26?G930Ar.-0S 

CC  1  .096061  69  592C-0/J 

COC  3.56447690653^-0? 

CO  7 .1567P?4i??:.0E-01, 

hH5  3.U44775P970e-0l 

M  3  .21129651732C-02 

NO  3  .03334696743E-03 

Ne  3 .42759446032E-01 

OH  2.70O93679539E-D3 

CH4  1  .7O057f.?ia66E<'OT.T 

SOL  C  1  .OO4?O9O7770E<O1 


PRESSURE  =  2  .OOOOOOOOOOOE-OI  VOLUME  =  6 . 03 53 11 7 5224E-0 1  TEMPERATURE  =  5 . 1 2691 554549E403 

SMOCK,  velocity  :  7 . 56002!  6C71 6E-01  PARTICLE  VELOCITY  :  5 .20401 190266E-0 1  UNITS  ARE  «ARS,CC/6H,  0E&  Ki  ArC  CM/M!  CROSCCOK) 


SPECIE  NC>  Of  moles 
M20  4 .34  7  74293612E  +  0O 

H2  9 .107451  57955E-0J, 

Oe  2 .402671  94213F.-05 

COe  2 .53452205770E-02 

CO  5 .37124994594E-nj 

^*■t3  2  .97  3.’iPry/!2A5i  -01 

H  1  .721C;«J1  S376Gt-02 

NO  1  .094692S7C56E-03 

N2  .5O7053O6509E~OI 

CM  1  .29  7200  51  4  Q/tE-o^ 

CH4  1  .ea66?2G32ME-*00 

S-Jl  C  1  .03309071  S27f +01 


PRESSURE  -  1  .  SOOOOrjOOOOOE-Ol  VOL.UME  -  6 . 37030051 705E-0 1  TEMPERATLA^E  -  4  .01 162577053E^O3  _  _ 

SH<X.K  VELOCITY  "  6 .63406030O52E-O1  FARTIClE  VELOCITY  =  4 .  S21 53656703E-01  UNITS  ARE  ►©ARS»CC/&M,  CEG  K.  APC  CM/Ml CROSECONO 


SPECIE  N>0  Cf  MCA.ES 
M20  4 . 6000 1 662 1 3  0I>  OO 

H2  6.54415GS5745E'01 

Ce  1.143290427670-06 

oze  1  . 1 99031 44  74  5E -02 

CO  2 .3365 1707 1  99? -01 

M-13  Z  .07460421  106F. -01 

H  4  .O07993947O3F.-O3 

NO  1  .3O300054739E-O4 

PC  3 . 56204  59 5020r. -01 

OH  2 .1620TO39263E-O4 

CH4  1 .40361297536E+OO 

SOL  C  I  .O77074492r.0E-»Ol 


PRESSURE  =  1  .OOOOCXIOOOOOE-Ol  WXU*C  =  6 . 9220669249AE-OI  TEMPERATURE  =  2 .0669363 9096E403 

SHOCK.  VElCKHTY  =  5 .53O59M2734E-01  PARTICLE  VELOCITY  =  3 .61621 3eO70OE-Ol  LNITS  ARE  MBARS,CC/6M,  DEG  K,  A^C  CM7M1 CROSECORC 


SPECIE  NC.»  or  MOt-ES 
M20  4 .07A995C<'.727£<OO 

H2  6 .642O1007364C-O1 

OC  3. 603007791 50^' 10 

COC  4 .00*567 392C6C-03 

CO  5.497095284O5E-O2 

RH3  2  .02922314573E-O1 

H  2 .6C>0362i4675E-04 

NO  Z.77460996560E-O6 

PC  3.50557455360E-Ot 

OH  9.23967e09944E-06 

CH4  1 .405642O52T0E+OO 

SOL,  C  1  .09533724270E+01 
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rOAHCD  HlXTUfiC  or  URCTHANC  AND  ADIPlC  ACID 

PRESSURE  tHBARS)  -  VOLUME  (CC/OM)  HU&OWIOT 


FOAMED  MIXTURE  OF  URETHANE  AND  ADIPIC  ACID 


PRESSURE  (»«ARS) 


particle  velocity  (CM/USEC) 
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A  Bi^U  I  StNThOPt 

fOAMCC  MDlTOfkL  OF  UhttMUNt  AND  AOlPK  ACIO 


LN(P>s  -5.l614442e6^5f,*0D 

LNIT)=  7 ,94l37692Z42t400 

l_N(t)=  -I  .OeOO5450707E»OO 


-Z  .*2eO0694O63t*00l.NV 

“4  .652213446i6E-0l LNV 

S.31563018694E-01LNP 


5  .9e2O3344403E*Ot LNV#2 

3.167868e3O94E-0ELNV<« 

I .67926395510E>01LNP<« 


7 .852627809e2E-O2LNV«3 

4  .60228860978E-02LNV43 

3  .098786e026eE-02LNP#3 


-2.9l76189e223E-01LNV*4 

2.85424562ir2E-03LNV44 

2  .2337«939101E-03LNF*4 


THE  C«>4STANT  ADDED  TO  ENtROlES  V4A3  1  .(XKJOOOOOOOOE-Ol 


PRESSURE  (HBARS) 

I  .25000CMX>OOOE-Ol 
• .  7  5000CK50000E  ~02 
6.12  500000000E -02 
4 .28T30000000E-02 
3 . 00 1 2 5000000E -02 
2.100e7500000E-02 
1  .47061ZS0O0OE-O2 
X . 0294287 SOOOE -02 
7 .20600te3000E-03 
5.04420087500E-03 
I .437SOOOOOOOE-01 
X  .6331230CKX)OE-01 
1 .901 0937 SOOOE -01 
2.186257612S0E-01 
2.S1419648437E-01 
2.89132S95703E-01 
3 . 52 50248 SO 59E -01 
5.02377057817E-O1 
4.39734S36490E-01 
S.05694716963E-01 
S.01S409245O0e-Ol 
6.60701263104E-O1 
7 .690904 52602 £-01 
0. 04463220561 e-01 


^XUME  (CC/OM> 

6.59921629ieiE-0l 

7.52262478503E-O1 

0. 641652031 04E-01 

1 .001 262277 13E^OO 

1 .17065748620E-KK) 

1 .379041 55806E^00 

1 .63814601 317E4O0 

1 .9377O0OO750E>OO 

2. 354050001 52E^OO 

2.05100949127E>OO 

6.2767450O221E-O1 

5.97740455854E-01 

5.692771O7206E-O1 

5.422660T9973E-O1 

5.16509913410E-01 

4. 91 0182064 66E-01 

4.60OO7779743E-O1 

4.440855O9O46E-O1 

4.22226599260E-O1 

3.99742665037E-01 

3.76855l54e50E-Ol 

3.52257375292E-01 

3.21249244703E-Q1 

2.9840402O251C'O1 


TEMPERATURE  (DEO  A) 

3.4232914A535E403 

3.21450444237E+O3 

3.00612081973E403 

2. 0001 06960 18E*03 

2.6O6290O2347E*O3 

2.4263e3d5235E*D3 

2. 2604  369 157  5  EKI3 

2.12639390572E+O3 

2 .000929044 08E4O3 

1.0901 4  530201 EK13 

3.5O433951250E+O3 

3.50512O707eOE^O3 

3.665753310O9E4O3 

3.74645639979E^03 

3. 02750 50401 6E +03 

3. 90924 07 402 I E*03 

3. 9921 32291 05E+O3 

4  .07679464760EK)3 

4.1642216035OE-FO3 

4.25035524569£^O3 

4.350OO40O741E^O3 

4  .47600402539E'F03 

4.65526343740E^03 

4.0O552657554£4>O3 


E»CR&Y4>c  0«-CC/&H) 
1 .03755566313E-OI 
1 .74099555596E-01 
1.65956041473E-O1 
I .50096O3O9OOE-O1 
1.5202S618292E-O1 
1.475704O5047E-O1 
1 .43043222980E-01 
1.391 163r5O00E-Ol 
1.35701047332E-01 
I .32709040671 E-OI 
1.0004 992057 SE-Ol 
1. 92695401 3S2E-01 
1 .97742O2701OE-OI 
2.03249n7972E-0l 
2. 092901  T0905E*<J1 
2.1595OO1O690E-O1 
2.23336O9604OE-O1 
2.31505424674e-Ol 
2. 40003230 540E-O I 
2.S1356930922E-01 
2. 63972102001 E-Ol 
2.79335749795E-01 
3.O1633345036E-O1 
3.2O22225O605E-O1 


6AHHA  (-OLNP/OLNV) 
2.7987019020Oe«OO 
2.72O575O1501E^OO 
2.59201956936e«00 
2  .42449732304e«OO 
2.2362111O01OC«OO 
2 .05533242609E400 
1 .91043427147C4OO 
1 . 06970022 533E400 
1 .96172520964e4OO 
2 .25667926322E400 
2.01414071759E4OO 
Z.02O2S65O719E4OO 
2. 01657931 144C«00 
2. 002462672 12E400 
2.7770n9050lE400 
2 .739320 59266E400 
2.6077621O795E4OO 
2 .620407 5732Se400 
2.53437929669e^00 
2  .42525464327e«00 
2 .2e454607467E«OO 
2  .O922OO02449e<K}O 
1 .77199666606C^00 
1  .465S0472952C^OO 


particle  ^locity 

4.O9279594940E-O1 
4.66773l20473e-01 
5.230276536O1C-O1 
5.745323O2510e«OI 
6.210694T0119C-01 
6.6362i6506O9C-Ol 
7.0267149MtOC-01 
7.39147471510C-O1 
7.74190211057E-O1 
0.009241 691 39E-01 
0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0* 

0. 

0. 

0. 

0. 


THE  ISENIROPE  STATE  VARIABLES  AS  COMPUTED  FROM  THE  LEAST  SQUARES  FIT 


bkw  pressure 
1 .25000000DOOE-01 
B .75000000000E-02 
6.12500000000E-02 
4  .2e7  50000000E-02 
3.00l250a0000E**02 
2 .10087500000E-02 
1  .4ro6l2  50000E-02 
1  .O2942075OOOE-O2 
7 .20600 12 SOOOE -03 
5.044200e7500E-03 
1  .437  50000000E-01 
1  .65312500000E-01 
I .90 I 093 7 SOOOE -01 
2.1062578125OE-OI 
2 .5141964e437E>0l 
2.0913Z5957O3E-OI 
3.325O2405O59E-O1 
3.02377e578l7E-Ol 
4. 397345364 9OE-01 
5.03694716963E-01 
5.013409245O0E-O1 
6.60701263104C-O1 
7 .69O904S2662E-O1 
0.04463220 561 C -01 


FIT  PRESSURE 

1  .26930249250E- 01 

6.83822735188E-02 

6.1l2l2660r7yE-02 

4. 22350900261 E-0? 

2.93424352659E-02 

2.062925e7331E-02 

I .46841 867695E-02 

1 .04952910295E-02 

7 .38642359490E-03 

4.949e7959995E-03 

I  .459672OO636E-01 

I .67667263594E-01 

1 .92391 261 2Q2E-01 

2.20S5412e406£-01 

2.32636356888E-01 

2.89198542699E-01 

3. 30904053 3 I 9E -01 

3.7e55e33O051E-Ol 

4.3319O0OO348E-O1 

4.96194592379E-01 

5.70170005156E-01 

6.61057272181E-01 

7.90291158789E-O1 

0. 903964666 S6E -01 


BKW  TEMPERATURE 

3.42329l4A555E*a3 

3.2145e444237E»03 

3.00612081973E+03 

2. 8001 06960 ieE»03 

2.6O6290O2347E^O3 

2.42838385235E*03 

2.26843691575E*03 

2.12639398572E+03 

2 . 0009290 4480E+O3 

1  .89014530201E*03 

3.5043395l25aE*03 

3.5851207e780E*03 

3.66575531809E403 

3.74645639979E403 

3.82730584816E403 

3. 9092407 482 I E*03 

3. 9921 32291 05E*O3 

4.07679464760E+03 

4.16422168530E403 

4.25835524569E4^03 

4. 3 58004 80741 £*03 

4.476OO402559E+O3 

4.65526345740E»03 

4.0O552657554E^O3 


FIT  TEMPERATURE 
3.41578557497E+03 
3.212383O7740E^O3 
3.00952787e28E*D3 
2.80959220195E403 
2.61588951195E403 
2.43350246072E403 
2. 26690085 540E*03 
2.119696561O0E^O3 
1 .99405963519E*O3 
1.09531O10374E4O3 
3.49502667270E4O3 
3. 57624791 740E4O3 
3.65724315985E403 
3.739O4357292E+03 
3.02192929243E4O3 
3.9O6245Q0243E4O3 
3.99243067446E*03 
4.O01O77752O0E4O3 
4.17305057577E403 
4.26960O55830E4O3 
4.37393622839E403 
4. 4930001 631 6C«03 
4.6S45O512910E4O3 
4.70144014675E4Q3 


BKW  ENERGY  +  C 
1  .83755566313E-01 
1  .74099555596E-01 
I  .65956041475E-O1 
1  . 500960 30900E -01 
1  .520256ie292e-Ol 
1  .475r64O5047£-Ol 
1 .43O4322290OE-O1 
1  .39116373O00E-O1 
1  .35701047532e-0l 
I  .327O9040671E-O1 
1 .00O49920575E-O1 
1 .9269S401352E-O1 
1.97742027810E-01 
2. 0324971 7972E-01 
2.O929O17090SE-O1 
2.1595OOIO690E-O1 
2.23336O9604OE-D1 
2.31585424674E-01 
2.4O06323OS40E-O1 
2.51556930922e-01 
2.639721O2O01E-O1 
2.79335749795E-01 
3.O1633345036e-Ol 
3.2O22225O605E-OI 


FIT  ENERGY 
1 .03457224871C-O1 
1  .74260U43496E-O1 
I  .66506400890E-01 
1  .59642216228E-01 
1 .53433a35549E-01 
1  . 4770637052 5E -01 
1 .42741753538E-01 
1 .304 5692360 5E-01 
1 .35191446652C-0t 
1.333O0767979E-O1 
1  .07570797991E-O1 
1. 92001 067445C-O1 
1 .9TO34923290E-O1 
2.O2310O6OOO9C-Dt 
2.O0e25O50257E-Ol 
2,154660070T5E-0) 
2.2517O610243E-O1 
2.3109243O964e-Ol 
2.41014166917E-O1 
2. 531 5450002 Se-Ol 
2.661 r7260564e-0l 
2.0i2O2O12O29e-Ol 
2. 9061 9639 541 e-01 
3.1091129602Se-OI 
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'-'f  (  f  f-'t  ^svjitE;  c-jf+r-.i-si  1 1  r 

•JP  f  ‘..tf"  (.<■>  H 

*  .p^ijrn'jBARToc+oo 


1  .2*1'. O'  -'VifiO'.i'.U.  -  01 

2  .  e  <■)<;,  ‘i  M  /S  1  iS,  /I  *  o  r  ..  r,  j 

1  .090  7?.  1  ?-i!.0  70t  *01 
.  7  O OiOo ( ,0'  (OjO  0  -  ( I  ? 

2  .  i  5  9 1 ')  O’.  9  /1. 1  /1 1 0  -  O  1 
1  .001  1  9^1?  5?,  790  *01. 

0 . 1  ?  ri o(  >‘.v  i(  iO( )','! <"  -  0 ? 
I  .  9f'j  50^.0'*,  90  r,i  F 

1  .061  ^  7iiG90O:0)l 

4  .  ?  0  T  ‘lo'oortoonc  - 1 j? 
1  .^^04fV*i!iO2  7>jC-Ol 
J  .Ct^  1  e.2A  161  'I?0*0l 
5.001?  SO'V.V'ifV.  if.  -0? 

1  .?7v,-.l,C20CO9L*0l 
9  .91569  7291  .^AF..^OO 

2  .  lotto  7  5(/OOOOF 

1  .01261  269  1 1  7.r  _oi 

9 . 16901  ,lf^.12>'.8Sr.4  00 
I  .4  7061  210'aiXir.'02 

6  . 60>0>0666  T  /I  M  r  -  0? 
9. 19T  160916:  Or*t.>) 
I .0294267 1000C “02 
7 . 1  3901292  1 961  C  -02 
«  .  #6191 9T 1 3092 

7  . 2 1'j^OO  12  5 OriO  L  “0  3 
5 .B09971 506/0C“02 
e .56242309661 L+00 
5.0442  00 6  7  5  OOf:  - 0  3 
4 . 6  72C036.«C,-aC  C  -0? 
6 .31761  .30442  ir  +  OO 
1  .4371 oonoooo  F -0 1 
3 .0011 60562  tnC-Ol 
1  .09254205/ 7  5r.-^91 
» .653iE5oonaor:-oj 
3 .31  739479431t:-0l 
1  -  09  30 9  3  9  5?  .OO  '2  •>  0  J 
1 .901093750002-01 
3 . 55139270  5  952;  -  Oi 
1  . 09.326  594.9TCF<-01 
2 .166257612507-01 
3 .79T60040020r“Ol 
1 .093161 12330t>0l 
2 . 5l4i9r>36X:37r:“0i 

4  .03351631 370C-0I 
1  .092921656  4  T  E  <•  C)  1 
2 .691325957036- 01 
4.2931 33432930-01 
1  .09274561  OmCtOl 
3.325024610590-01 
4 . 54697J  5322/.F:-0J 
1  .092751  31 n06r>0l 
3.6237765761  7f:-ni 

4 .61  514363.3740-01 
1  .09304651  5396  +  01 
4 . 39733536/900-01 

5  .09916090602  0-01 
1  .09  5  72006*/}  or •'•01 
5 .056’947169C;5r-ni 
5.409357417400-01 
1  .09465l6?364t:  +  0l 

5 .61  5469245060-01 
5  .  7660  304  571 1 C-Ol 
1 -096571141340+01 
6 .66761  2631  64C-(tl 
6 . 166  3612  46.01  0-0 1 
I  .0990091 7A640*01 
7 .690964526620-01 
6.603693690920 -Ol 
1  .102299614360  +  01 
6 .64463220561 O-Ol 
7 .403107409690-01 
I  .  1073  36970030<OT 


1  .246461066390-01 

4.61911 7307 570*00 
1  .  3Cj16314  3->!i 50 -01 

4 .43260261 726E+00 
1 . 1 7 161 96347 70-03 

4.115726122630+00 
9.16171 1337710-04 

3.791  09e/!l4  1660+00 
6.461 1 33603050-04 

3 .433404494950*00 
4  .24O76ev.-i106  5O-O4 

3  . 0906 9  600  5 4  3 0  ♦  00 
2 .635175207210-04 

2.701610153070+00 
1 .504636520460*04 

2.515660404100+00 

9.344499759470*05 

2.2954/5920600+00 

5.45M7127012C-O1 

4 .045122362140+00 
1 .171276560320-03 

4.669656116600+00 
1 .074209037560-03 

4 .6909461 35050+00 
9.6192513} 4230-04 

4 .906439174290+00 
6.416096796660*04 

4.917426194050+00 

7.200073338730-04 

4  .92  5006096600  +  00 
C  .02057110163^ -04 

4.930079952390+00 
4 .945666179200-04 

4  .933362795130+00 
3.901 545209490-04 

4  .935405603760  +  00 
3 . 1  53391022300-04 

4,95661 1036020+00 
2  .401939160650-04 

4  .937300790370  +  00 
1  .9361 43256060*04 

4 .937662415770+00 
I . 147431094600-34 

4.937627260010+00 
1 .406697515570-04 

4 .937912640190+00 
1  .1  76630554020*04 


FfiCCuCTS 
OH  CH4 
7.709190950350-01 
2.424701677440-05 

1  .O’3390O5100E+OO 
1  .630522712610-05 

1  .309652323300+00 
1  .156017106710-05 

1  .696940201290+00 
6.122306235110-06 

1  .993614920390+00 
2.623752563590-C»6 

2  .266279549520+00 
I .175509012040-06 

2.511740020310+00 

4.578711509590-07 

2 .720195401200+00 
1  .717964800390-07 

2.916145579620+00 

6.343531312190-00 

3.077991392570+00 

5.769199243740-10 

6.612060736280-01 
2 .500347334 560-Ci5 

5.590812063100-01 

2.676704142940-05 

4.656434043710-01 

2.706035413160-05 

3  .019540373570-01 
2.672504320250-05 

3.005569005900-01 

2.572426929310-05 

2.455381104440-01 
2  .413659100000-05 

1  .925737246480-01 
2.205321480610-05 

1  .490065621 190-01 
1  .959535417730-05 

1 .139562031 360-01 
1  .690009459220-05 

0.656612212050-02 
I  .426735642790-05 

6.546971516060-02 
1 .16124061 5630-05 

5.013120059130-02 
9 .375-J73429420-06 

4  .006331304130-02 
0.4^6170029300-06 

3.334220249360-02 

5  .937306210920-06 


SX  C 

I  .016660330660-07 
3.569301692420-01 

7.150661808290-00 
3.0301 39003140-01 

3.069764307510-00 
A .046990020040-01 

5.254306162460-10 

4,220741596710-01 

3.009350959750-10 

4.360276776690-01 

2.596635007950-10 

4.475607774090-01 

1 .514135300060-10 
4,566694376930-01 

7.232263791150-11 

4.643047600040-01 

2.519912630730-11 

4.705501103500-01 

1  .00000000tx)00-ll 

4.756359714010-01 

1  .0602974  50610-07 
5.457276201500-01 

1  .122404260140-07 
3.341166763590-01 

1 .116106725110-07 
3.222110245250-01 

1 .070208071060-07 
3.100966174600-01 

9.692964924070-08 

2.970113221000-01 

0.804046604130-00 

2.053312600570-01 

7.531625100590-08 

2.725453967810-01 

6.180303603730-00 

2.592350106360-01 

4.850122420770-00 

2.450355002220-01 

3.690746232700-00 

2.295259934490-01 

5.965702420000-10 
2.1169267094J  0-01 

5.501077756460-lD 
1 .906770481230-01 

5.231050120140-10 
1  .650111119600-01 

4.602570426310-10 
1  .290216600620-01 


6.956589263260-03 

5.349717909210-05 

1 .504555193960-02 
0.112147023210-05 

3.122500961050-02 
9  .636686492570-05 

5.344539379240-02 

9.124550122000-05 

0.143277250440-02 

7.269724031730-05 

1  .129734664540-01 
5.063471476120-05 

1  .460446492450-01 
3.201675169170-05 

1 .793005922020-01 
1 .094263563760-05 

2 .121400795530-01 
1 .072917447300-05 

2.445629905150-01 

5.914076959000-06 

4.032604157900-03 

4.226060126240-05 

3.274650419770-03 

3.199601035010-05 

2.159030346610-03 

2.310132062470-05 

1  .302627010700-03 
1 .604201200200-05 

0.557416299170-04 
1  .056416785000-05 

5.095630501150-04 

6.641959507500-06 

2 .901548772940-04 
3 .955405644730-06 

1  .560465252510-04 
2.230620264140-06 

7.900707480010-05 
1  .190326914340-06 

3.015947226970-05 

6.077375749400-07 

1  .674103023310-05 
2.935705451040-07 

6.044756109100-06 
1 .410070999160-07 

2.093709080290-06 

0.075000001220-00 

0.461929771300-07 

6.425291642360-10 


1  .202030251130-01 
1  .465227970650+00 

2.460919306830-01 
1  .425330101440+00 

4.425575126690-01 
I  .412072890010+00 

6.952837200460-01 
1  .433029275100+00 

9.039622075310-01 
1  .470907640630+00 

1  .270596761390+00 
1  .530593347290+00 

1 .5551022211 50+00 
1 .601212193500+00 

1  .797769547150+00 
I  .6590101067  50+00 

1  .990032644140+00 
1  .707396177700+00 

2.153302175510+00 
1  .744220109770+00 

0.714390772560-02 
1  .404602700640+00 

6.173557742790-02 

1.504050137500+00 

4.260370335290-02 

1.522296960730+00 

2.075250017950-02 

1.530253551040+00 

1  .602561639700-02 
1  .351062077270+00 

1  .194302246050-02 
1 .560090514140+00 

7.313570606160-03 

1.564003165910+00 

4.301562035290-03 

1.565070437510+00 

2.416505000090-05 
1 .560302016040+00 

1  .297693969440-03 
1.550147910210+00 

6.530107913000-04 
1 .533613905900  +  00 

3.143735335670-04 
1 .509587033280+00 

1,584644270990-04 
1  .476042490030+00 

5.952053099770-05 
1  ,426569917010+00 
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roAHCO  HixTufic  or  u^cthane  and  adific  acid 

PRESSURE- WX-UHE  ISENTROPE 
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roAMCO  MlXTUAC  Of  Uf<£THANC:  AND  ADIPIC  ACID 
TCHPCKATUf^e  'VOtUHC  I  SCNTROfC 
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APPENDIX  D. 

THE  BKW  HUGONIOT  AND  ISENTROPE  FOR  A  0.5-g/cc 
FOAMED  MIXTURE  OF  URETHANE  AND  ADIPIC  ACID 


I  ro^THAN  icu  calculation  ro* 
rOANTD  NIKTUtf  or  U<irTHANC  AND  ADIPIC  ACID 

T»c  or  c:le:ncnts  is  a 

THt  VUNBCR  or  CAS  spec  Its  IS  n 

T»c  NunstR  or  solid  SPtcits  is  i 


T>c  HU  eOUATION  or  state  PARAMCTERS  are 

ALPHA-  5.CDOOC3QQOOOE-OI  BETA-  T.COOOOOOQOOOE-01  THETA-  A.flOOOS  0  3  0  :flOE^52  KAPPA-  * . :9:^*’'’SA436E^- ' 


TfC  COMPOSITION 

T.2500030fl0O0E»0^  MOLES  Or 
r  .7i700Q000UE*01  MOLES  Or 
T.ooooflooooooE^oo  MOLES  or 
A.938QQCOOOOOE+OQ  MOLES  or 


the  density  IS 


c 

H 

N 

0 


3.000QOOOOOOQE-OT,  CRAMS/CC 


THE  MOLECULAR  WEIGHT  IS  2.€T l539fi0flO0E*02  CRAMS 


THE  HEAT  or  roRMATION  AT  C  DEC  K  IS  -2.250 000000 00E»05  CALORIES  PER  ECRMULA  WEIGHT 


THE  SOLID  tCOWANI  EQUATION  Or  STATE  PARAMETERS  VO,  AS,  BS,  CS,  DS,  ES,  A1,  A2,  C!,  C2,  C3,  ATOMIC  WT 


SOL  C  A.4AAiAA44AAAE-01 

-2.267053i59A8E-01 


e.30935837268E-0t 

1.205t6569525E-01 


-1.39361809219E^00 

8.3t€OOOOOOOOE-02 


6.725897tG02tE-0t 

-I.75590000000E-0t 


-1.1355726250BE-0T 

T.553l0O0flQ00E-0l 


6.A9T55B82007E-03 

U20l00Q0000OE^0T 


THE  INPUT 
0 

l.OE+00 

0 

0 


2.0E+00 

0 

l.OE^OO 

1.0E+00 


PRODUCT  ELEMENTAL  COMPOSITION  MATRIX 


1.0E+00 
Z.OE^OO  l.OE+00 
0  0 
I.DE^OO  I.OE^OO 


2.0EtOO 

0 

0 

A.OE^OO 


0 

0 

0 

0 

2.0E^00 

t.OE^OO 

0 

3.0E^00 

I.OE^flO 

0 

I.OE^OO 

0 

0 

2.0E^QQ 

0 

0 

t.OE^OO 

0 

0 

0 

THC  BKW  HUGONIOT  FO«i  THE 
FOAMEC  MlXTUIkE  Cf  U»kETMANt  AYC  ADIPIC  ACID 


PhESSUPE  ^  5.00000000000E-01  VOLU>C  =  4  .61 30B 7e>226E-Ol  TtHPERATURE  =  9 .31092389J 35E+03 

WCXK  VElCXITY  =  I  .3936e2Wl66E*00  PARTICLE  A.LOCITY  1  . 1 941 56364  56E+00  UNITS  ARE  >«ARS,CC/GM,  DEG  K.  ArC  CM/Ml  CROSECOfC 


SPEC  1 E 
K20 
H2 

oe 

CCC 

CO 

NH3 

H 


NO 

Ht 

OH 

CN4 


NO  OF  HOCES 
3.»O270e925»0E*0O 
I .793ie310»36E*OO 
2.211St977063E-03 
3.7T122359762E-02 
1 .01636023603E^00 
3.11317331142E-01 
2 .929952S7673E-01 
2.46505e2772aE-02 
3.32016055043E-01 
1  .443204191 15E -02 
1 .3592091 1216C«00 
1 .009671041 3e£^01 
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PftCSSUNC  =  4 . 5OOCK)aO00CM3E-Ol  =  5  .OSS2703T 124E. 01  ri..CE.f(A'ii  f<E  -  9  .077507? 44'oi>E<  05 

SHOCK  VELOCITY  =  1  .3293424  t472EKK}  PARTICLE  VELOCITY  =  4  ,1203749394  lE+00  UNiVS  ARE  MBAftS  tCC /GN  v  DEG  A.  A^«.)  f.i-1/WKROSECOf® 


SPECIE 

MO  OF  moles 

HEO 

3 .619630OO433£*DO 

ME 

1 .739«72e2282E*00 

oe 

2.O5733220774E-O3 

coe 

4 . 305930207  S0E-O2 

CO 

1 .4099277O360£*OO 

»*13 

3.1175O91590OE-O1 

H 

2.73530903043E-O1 

NO 

2.35l563S3253e-02 

NE 

3.32S66724350t-Ol 

OH 

1 .0004 300344 lE-02 

CH4 

1 .47102S2O090E^OO 

SOL  C 

9.79730770049E*OO 

PRESSURE  =  4  .OOOOOOOOOOOE-Ot  VOLL»C  =  3 .3023 426021 0E~O1  rEW-EOATUfi*  -  0 .8l367448397E<‘03 

SHOCK  VELOCITY  =  1  .25918335504E^00  PARTICLE  ^LOCITY  =  I  ,O5OGefi7O062£>OO  UNITS  ARE  >«ARS,CC/OM,  OEG  K»  AND  CM/f^ICftOSECOf® 


SPECIE 

MO  OF  MOLES 

H20 

3.41S91601992E«OO 

M2 

1 .744279O3037e«OO 

CC 

1 .05O2700a571E-O3 

coc 

4.99O74370756E-O2 

CO 

1 .579070  001 42E*C)0 

NH3 

3.1074443ei90E-0l 

M 

2.35009391344E-O1 

NO 

2.ie64i734663e>02 

N2 

3.33693694172E-01 

OH 

1  .76646522350E-O2 

CH4 

1 .50595516122E*OO 

SOL  C 

9.405O5047969E+OO 

PRESSURE  =  S.SOOOOOOOOOOE'Ol  VOLUME  =  5 .61 3709 J 6S 42E- 0 1  HiRE  =  €  S0952VG932£:E<03 

SMOCK  VELOCITY  =  1  . 1 64*  56470  77E*D0  PARTIClE  VELCXilTY  =  9 , 049  V  7Gu364Gu '  D  ■:  U:HTS  ARt.  ^«AftS,CC/&M,  DEO  K,  AND  CN/H?  CROSECOfrJD 


SPECIE 

MO  OF  holes 

H20 

3. 1932297601 7E+00 

H2 

1 .75ll7952215£»00 

CC 

1 .S3301055O11E'O3 

CCC 

S.33402744113C'O2 

CO 

1 .S9233939034C«OQ 

NH3 

3.O70009357e0E-Ol 

H 

2.39402SS7337E-O1 

NO 

1 .9030S29OS33E>O2 

re 

3.30236267179E-OI 

CM 

1 . 90045237 i30E-O2 

CM4 

1  .099761 00Z74E«OO 

SOL  C 

9.132S3O440S1E*OO 

PRESSURE  =  S.OCHXKMXtOOOOE-Ol  VOLU»C  =  5 .92031 579191E-0i  rilf  7’ ckATUF^E  =  C  .  44rv'CT ‘;70fp3X‘>0G 

SHOCK  \ClCX1TY  =  I  .1O41170429OE-K)O  PARTKlE  >CLOCiTY  =  9  .O:: 3071063 aCiE-Oi  irOiTG  AOO  i«dAFiS.CC/Gt‘.  DC&  K.  ANO  CW/MI CftOSECONO 


SPECIE 

MO  OF  moles 

H20 

2.93603712730£*00 

M2 

1 .700301 74070E*OO 

oe 

1 . 10093 302 472E'03 

CCC 

S.9S0941797S1E-O2 

CO 

1  .02301 431 190E  4^00 

3.O2537035S00E-OI 

H 

2.23123334702E^1 

MO 

1 .00OO3e7OO34E-O2 

rc 

3.4O32Od00TO5E-Ol 

OH 

1 .903i4717O93E-O2 

CH4 

1  . 0000334 3405E-^OO 

SOL  C 

0 .0O7$6?03339E*OO 

FKC&^unC  =  2.90000000000C-01  W<XL»C  =  6.45«70e0T3a3E-Ol  TEMPERATURt  =  7 ,7073e6527«lE*O3 

9HOCK  VELOCITY  =  1  .016«2436264EK)0  PARTICLE  ^LOCI TY  i  0 . 1 9702960727E-01  UNITS  ARE  »«ARSiCC/CrM,  DE&  K.  A»C  CH/Ml  CROSECC4C 


SPECIE 

NO  OF  moles 

M20 

2.71509964396E*00 

H2 

1 .65051 176999e«00 

CC 

0.16166OO1456E-O4 

coe 

6.19534679219e'02 

CO 

2 .06431969644E^00 

NH3 

2 .9370741O5l6e“Ol 

H 

2 .04441647409C'01 

NO 

1 .334291 66391 £-02 

3.46434036423E'O1 

OH 

1 .96944691 102E '02 

CH4 

1 .90431 970501 E^OO 

SOL  C 

0. 4694071 3063E+00 

PRESSURE  =  2.00000000000E-01  VOLUME  =  7 .0401 44e5e70E-Ol  TEMPERATl^E  =  7 . l279t43010l£*O3 

SHOCK  ^LOCITY  =  9.19409O3030SE-O1  PARTIClE  VELOCITY  =  7 .250525091 1 4E-0 1  LNITS  ARE  MBAR5.CC/GH,  0E&  K»  A>C  CM/MI CROSCCONO 


SPECIE  MO  OF  MOLES 


H20 

2.49962025079E+OO 

H2 

1  .970O6207496E*OO 

oe 

4  .63613266959E'04 

coc 

6.21276146097E-O2 

CO 

2.206O566OO35E*OO 

Nh3 

2 .00050601 345£'01 

H 

1 .77667O2O403E-O1 

MO 

9.3135OO09O3OE'O3 

N2 

3.55317940602E-O1 

CM 

1  .70191 04O56OE-O2 

CH4 

1  .96974493096E*00 

SOL  C 

0.102O7O05399E*OO 

PRESSURE  =  1 .50000000000E-01  VOLUME  s  7  .79271 71 3050E-O1  TEMPERATURE  =  6 .2777671 5399E*a3 

SHOCK  ^lOCITY  =  0.O70O631O905E*O1  PARTICLE  ^LOCITY  =  6 . 1 095612830 1 E-Ol  UNITS  ARE  MBARSiCC/9M,  DE6  Kt  APC  CM/MICROSECONO 


SPECIE 

NO  OF  moles 

M20 

2.41354163740E*00 

M2 

2. 13990 56 11 01 E^OO 

ce 

1 . 7 5667 7 5066 5£ >04 

coe 

6 .O6375640666E-O2 

CO 

2 .30 5096067 56e^00 

PHS 

2. 56757104 563E>01 

M 

1 .26476223602C-01 

NO 

4.66725314424E-03 

Ne 

3.e6177621146C-Ol 

OH 

1 .26461 166603E >02 

CH4 

1 .96137746231C4O0 

SOL  C 

6 . 09268666 526E4O0 

PRCSSUNE  =  1  .OOOOOOOOOOOe-Ol  V0LU»C  =  0 . 52449191030E-01  TEMPERATURE  =  4 .8060903761 7E+03 

SHOCK  VELOCITY  =  6 .6922661 1 930E'Ol  PARTICLE  ^LOCITY  =  4 .960622 5 5603 E~01  UNITS  ARE  »«ARSiCC/&H,  OEO  K»  AND  CM /MICROSECOND 


SPECIE 

NO  OF  NOLCS 

neo 

2  .  94 1 36053096e400 

Me 

2.1549599S205E«00 

oe 

1 .624326161 lOe -05 

COC 

5 .65527230669C-02 

CO 

1 .67454419792C*00 

W3 

2.242416O9033£>01 

H 

4 .06203660633C>02 

NO 

9.712S6027166C>O4 

Ne 

3. 67393  5664 70C  >01 

OH 

3. 9622 764 12 77 E -03 

CH4 

1 .739957965S9E«00 

SOL  C 

6. 02604 50934 IC^OO 

00 

FOAHCD  HIXTUAC  OT  UftCTHANe  AND  ADIPIC  ACID 


PRCSSUPD  IMBARS)  -  particle  VELOCITY  (CM/USEC)  MU&ONlOT 


45 


0  00 


.10 


.20 


rOAMtO  MiXTUfiE  or  URETHANE  AK)  ADIPIC  ACID 
SHOCK  velocity  -  particle  velocity  MUCONIOT 


A  BkW 

rOAMCC  MlXTURt  OF  UliitTHANt  A»0  AOlPK  ACID 


LN<P)i  -2 .74742042t»4t400 

LNn>=  8.5l6S72400lBe400 

LN(E>=  ‘9.2B83t006520E-0t 


-2 .23201 5702ME^OOLNV 

>5.29324a22154E-0lLNV 

4 .31 04394843 SE'OILNP 


2.7440l75772rE-0lUNV*£ 

-3.68145924e«6E>03LNV«2 

1  .OT114098489E-OILNP42 


0 .39323347149E-02lNV#3 

8 .9963701 5279E-02LNV43 

1 .0l9ie7O2563E-O2LMP43 


-I  .063U952204E-01UNV44 

“1 .32774092433E-02LNV#4 

1  .32074493625E-O3LNF44 


W€  constant  AOOEO  to  E»Cft9lES  Wi4S  1 .00000<XXXXX>e-01 


PAESStfRE  (»«AAS) 

9 .OOOOOOOOOOOE-02 
6 . 30000000000e -02 
4 . 4 1 OOOOOOOOOE-02 
3 .08700000000E-02 
2.16090000000E-02 
1 .91263000000E-02 

1 .038e4ioooooe-o2 

7.4118«700000C-03 
3 . 1 M32090000E-03 
1 .033000000006-01 
1.190230000006-01 
1 .3607073OOOOC-O1 
1 .37410362300C-01 
I  . 010221 4M73E-01 
2.001734609066-01 
2.394017092426-01 
2.733120376296-01 
3.166000662736-01 
3.641001962146-01 
4.107132236466-01 
4.013225094936-01 
3.537300059176-01 
6.360133100046-01 
7.323333466236-01 
0.421030706106-01 
9.6051 37604116-01 


90LUIC  (CC/6H) 

0.627664990236-01 

l.D14161304206‘KK3 

1  .197317O603464OO 

1 .420132O47666^O0 

1.692713010626*00 

2.020066702246*00 

2.443700440636*00 

2.963602710746*00 

3.619977301606*00 

0.100442392736-01 

7.622312446626-01 

7.171703490236-01 

6.731061460616-01 

6.361052253096-01 

3.997273232406-01 

3.630400034366-01 

3.342402030126-01 

3.046003933606-01 

4.760717211916-01 

4.305103321226-01 

4.232705760706-01 

4.007361637956-01 

3.762704234116-01 

3.306190706336-01 

3.201964936096-01 

2.962052369036-01 


T6»«>6AATUR6  (0€&  A) 

4.413049340636*03 

4.034533263416*03 

3.600923233976*03 

3.303600991306*03 

3.123937630306*03 

2.099302437236*03 

2.705937409696*03 

2.537790795246*03 

2.309039604136*03 

4.371293402206*03 

4.725431900056*03 

4.000003076906*03 

5.032049102036*03 

3.100070340006*03 

5.320751330976*03 

3.433466270056*03 

5.577302357366*03 

5.691935473046*03 

3 .797602790346*03 

5.095492730526*03 

5.906903276506*03 

6.074119246406*03 

6.160330362446*03 

6.253190079746*03 

6.373957400506*03 

6.477276293406*03 


6fCR9Y*C  0«-CC/6M) 

2.111767337636-01 

1.997016503336-01 

1 .901336744346-01 

1.019202710106-01 

1.740912713036-01 

1 .600397002506-01 

1 .633903997126-01 

1.509969090776-01 

1.549373309416-01 

2.162435646176-01 

2.213631071696-01 

2.273319393406-01 

2.334910479046-01 

2.400025431716-01 

2.471374833306-01 

2.346934129976-01 

2.627995077076-01 

2.  T 15242267706 -01 

2.009632797646-01 

2.912320363496-01 

3.023003966726-01 

3.132669303206-01 

3.290016145966-01 

3.473512263946-01 

3.713059029916-01 

3.920326602766-01 


9AHKA  <-OlNP/DLNV) 
2 .306169706956*00 
2.224249671336*00 
2.127500737046*00 
2.026000053036*00 
1 .933396046716*00 

1  .060376042616*00 
1 .043929903436*00 
1 .883009574236*00 
2.014570991626*00 
2.332095239976*00 
2.333942164056*00 
2.371002449136*00 
2.302948633676*00 
2.309373355736*00 
2.309933301736*00 
2.304339473336*00 
2.372311377546*00 
2.333546347006*00 
2.327027160166*00 
2.293907139056*00 
2.251329006906*00 
2.190000933066*00 
2.130721732596*00 

2  .CW  1000597626*00 
1 .902290300606*00 
1 .760964693946*00 


FAATiCLt  VELOCITY 
4.713410072056-01 
5.330444904066-01 
3.943020205276-01 
6.470406603126-01 
6.969730919726-01 
7.423404960036-01 
7.053027911566-01 
0.263276391036-01 
0.660942653296-01 
0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


THE  ISENTPOFE  state  VARIABLES  AS  COMPUTED  FROM  THE  LEAST  S9UARES  FIT 


bkw  pressure 

9 .OOOOOOOOOOOE-02 
6 . 30000000000E-02 
A .41000000000E-02 
3 .O07OOOOOOOOE-O2 
2 . 160 90000000 E -02 
1  .31263000000E-02 
1 .030041 00O00E-O2 
7.4lieS700000E-03 
5 .10032O9OOOOE-O3 
1  .03SOOOOOOOOE-01 
I  .19023000000E-01 
1 . 360707 30000E-01 
I  .3741 0562 300E-01 
I  .O1O22146075E-O1 
2 .001 734609O6E-O1 
2 .394O1709242E-O1 
2.79512037e29e'0l 
3 .166O0e66273E'Ol 

3.e4100196214E-01 
4.10713223646C-O1 
4.013223O9493E-O1 
3. 337 3000 39 t7E -01 
6.360133100O4E-O1 
7 .32 33 3 34662 3E -01 
0.421 0307061 0E-O1 
9. 6031 37604 llE-Ol 


fit  pressure 

0. 9609722 5206E -02 

6.211S9124309E-02 

4.327076320O7C-O2 

3  .O36222O900OE-O2 

2.14404173473E-O2 

1 .32166769409C-02 

1  .07739472300E-02 

7.32989344077E-O3 

3. 1 0696697 323E -03 

1.034030450066-01 

1 .196106290646-01 

1 .301453033026-01 

1  .394460649316-01 

1  .030301333046-01 

2.116142570406-01 

2.431319557406-01 

2.707404634446-01 

3.100996340636-01 

3.641522203426-01 

4.132006759166-01 

4.734479336336-01 

3.4Q410669696E-01 

6.193623920376-01 

7.17737434324E-01 

0.503600001446-01 

9. 903401 73491E-01 


BRW  TEMPERATURE 

4.41504934063e*03 

4.034335263416*03 

3.600923233976*03 

3. 305600991 50E*03 

3.123957630306*03 

2.099302437236*03 

2.70593740969E*03 

2.33779O79524E*03 

2.309039604136*03 

4.571293402206*03 

4.725431900056*03 

4.000003076906*03 

5.032049102056*03 

3.160076340006*03 

5.320751530976*03 

5.453466270036*03 

3.577302357366*03 

3.691935473046*03 

3.797602790346*03 

5 .093492730326*03 

3.906903276506*03 

6.074119246406*03 

6.160330362446*03 

6.233190079746*03 

6.373937400306*03 

6.477276293406*03 


FIT  TEMPERA TUR6 
4.421926729166*03 
4.060772177796*03 
3.720604959196*03 
3.400059280676*03 
3.130020499106*03 
2.009782906476*03 
2.607324370026*03 
2.525002542746*03 
2.403543562026*03 
4.566690205066*03 
4.713296276676*03 
4.059307590176*03 
5.004729603206*03 
5.140163142626*03 
5.200615399006*03 
5.423060713526*03 
5.556597197336*03 
5.602500050716*03 
3.002230463176*03 
5.915422275136*03 
6.021735028706*03 
6.120049106636*03 
6.21240299290£*05 
6.296201173196*03 
6.370266715096*03 
6.399743500776*03 


6KW  ENERGY  ♦  C 
2.111767357636-01 
I .997016505336-01 
1 .901336744346-01 
1  ,019202710106-01 
1  .740912715036-01 
1 .600397002506-01 

1  .635905997126-01 
1 .509969090776-01 
1 .549373309416-01 
2.162433646176-01 
2.215631071696-01 
2.273319393406-01 
2.334910479046-01 

2  .400025451716-01 
2.471374855306-01 
2.546934129976-01 
2.627995077076-01 
2.715242267766-01 
2.009632797646-01 
2.912520365496-01 
3.025003966726-01 
3.152669305206-01 
3,290016145966-01 
3.473512263946-01 
3.713059029916-01 
3.920326602766-01 


FIT  ENERGY 
2.11611350941E-01 
2.OO57l26a022E-Oi 
I .90947701Q14E-01 
1  .e2462934129e'01 
I  .74973394269E-01 
1  .60443135O04E'O1 
1  .62925660957E-01 
I  .505534Z4550E-O1 
1  .55536OO0455E-O1 
2.16414665540E-O1 
2.21557820741E-O1 
2.27O22406452E-O1 
Z. 3291 701 196ee-01 
2.39277443910E-01 
2.4616061 1303E-O1 
2.S3665490149E-01 
2.61054644519£'O1 
2.7O037223422E-O1 
2 .0O729396695E-O1 
2.91667340307E-OI 
3 .O30O99Oe356E-OI 
3.17343369405C-O1 
3.32407O2970OE-O1 
3. 49500241 337E-01 
3.606911 60 960E-01 
3. 9042701 5027e-0l 
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TMC  ISENTROf^e  PRESSURE  RND  COMPOSITION  OF 

H20  M2  oe  coe  CO  w3  M  mo 


9 .OOOOOOOOOOOE-02 

2 .14e2e«44916E-0l 
9.i7049O9349JE*0O 
.  50000CHXK>O0E>02 
1 .e03*3eA«433e-0l 
• -74*1 5^441 07E«0O 
4  .4lOOOOCkOOOOE-02 
I .4«632lft9S5»e-Ol 
«.3S6S50716*3e+00 
3 .Oa700000000E-02 
I .2»30375Se59£-Ol 
a .01 202^622 39E*00 
2 . 1 6090000000E -02 
9.aiO0O51ia9lE-O2 
7.717l7e92037E*00 
1 .S12aSOOOOOOE-02 
7 .909 52040* 50E -02 
T.47T51992145E^OO 
1 .09004 lOOOOOE -02 
•.509Z9341O91E-O2 
7 .2942 50099 99C 400 
7,411 007OOOOOe-O3 
9.1494711lT01t-O2 
7.l*293472510t400 
9 . 10a32O9OOOO€-O3 
4.17*090595O9e-O2 
7  .O7472O37052t'M» 
1 .03900000000C-01 
2.2070O332923e-Ol 
9. 3430072 1742E400 
I .19029000000E'01 
2.42709300722C-O1 
9 . 92*241  30042E<KX) 
1 . 300707 90000E-01 
2 . 900 1 9940 1 7 0C -0 1 
9.7O77O200932E^OO 
1 .9741O9029OOE-O1 
2. 70042301 420C-O1 
9 .00993437020E*OO 
1 .01O22140079C-O1 
2 .049O70500O0£-O1 
1 . 000090097 79C«01 
2 .001 794009O0E-O1 
2. 991 9302721 3E-01 
1  .O23407101O5e^Ol 
2.39401 709242E-O1 
3.13799272029E-O1 
1  .O3070OT49O2E+O1 
2,79312O97029E-O1 
3.291O970O197E-O1 
1 .O52O9964109E*O1 
3.100O0000273E-O1 
5 .4939O40O926E'O1 
1  .O0312OO6O57E^O1 
3.04iaO190214E-Ol 
3.629797029O1E-O1 
1  .071 70300301E*O1 
4.10715229646E-O1 
3. 02263031 709E-01 
1  .O70267712l7E*Ol 
4.019225O9493E-O1 
4  .O3770113203E'O1 
1  .002999421 70E«O1 
9.9575O009917E-OI 

4.203062a5iio£-oy 
1  .Oe039049l23E<*-Ol 
0.300l39iaaO4E-Ol 
4,57421094592E-O1 
1  . 0090302 303OE+O1 
7 .3233994002 5E-01 
4.93344741210E-01 
I .O910O399OO9E*O1 
0.42ie9O7O010E-Ol 
9. 40030401 llOe-Ot 
1 .094T7013034E*01 
9.0031570041 lE-Ol 
0 . 00O 3 1 2 00040 E -0 1 
1 .09932704797E>01 


3.2O462097403e*C>O 

2.5153479e530E-O2 

2.749O9012157E*OO 
2 .10O29223993E-O2 

2 .323091490e4C«00 
1 .00409730OO0E'O2 

1 .937373999e9£+00 
I .22937109343E-O2 

1 .0O163414774E4OO 
0.50907O79017E-O3 

1 .321201O3O92E*OO 
9  . 04020494 1 22 E -O  5 

I .O90O4022395E*OO 

3  .9OO3409t41OC-O3 

9.21130141323E-O1 
2 .909970OO990C-O3 

7. 09203204 904 t -01 
1 .672455374Z0E-O3 

3 .30040OO4774E*OO 
2. 9000340391 ie-02 

3 .9730004 2O07E^0O 
2. 994 322400 99e -02 

3.79759970193E^OO 
2 .99021 400042C -02 

3.93090049330e4OO 
2 . 444000 93044E -02 

4.1120109017ie4OO 
2. 20492001 040E-O2 

4  .2 70207009 9 9E*00 
2. 07971 091 001 E-02 

4.42490971639E*00 
1 .04199306209E'O2 

4.994OO4796O0E4OO 
1  .90092494039E'O2 

4.60222317103E4OO 
1  .3204O71044OE-O2 

4.74044610797E+OO 
1  .001 42969391 E'02 

4.01376O25O94E+OO 

0.506O7374416E-O3 

4  .06O69a72406E*OO 
6.61262306675E-03 

4.09290912431E«OO 

4.9009e941170E-O3 

4.91299127933E*00 

3.09019610400E-O3 

4.929170O3477E4OO 

2.72O29303049E-O3 

4.9310513O777E4OO 

2.O9907902427E-O3 

4  .939 933001 07E4OO 
1 .51910949OO3E-O3 


FROCUCTS 
>C  OH  CH4 
2. 0024791 900 0E«OO 
5.220O47372eiE-O4 

2.041S9309992E»OO 
2 .99204472079E-O4 

3.10092O07363E4OO 
1 .10039432795E-O4 

3. 09103291 934EKK3 
4.9549O7O4790E-O5 

4.1 4297 109042E^OO 
2. 03003001 203E-09 

4. 939577404 90C*00 
0. 207003301 39EH30 

4.07O504327O3E^OO 

3.313O6213O20E-Oe 

9.19201724934E4OO 
1  .34900022O09E-O0 

9. 30002900907 E+OO 
5. 51 0795044  90E -07 

1 .00092341 50OE4OO 
6 .099O0044930E-O4 

1 .09023007O93E4OO 
0.2304 94 70OO9E -04 

I  .49021099349E4OO 
9.95105993370E-04 

I . 20079700 50OE4OO 
I .169904 94101E-03 

1 .092040 532 32E*00 
1 .32O92790975E-O3 

9.29431016499E-O1 
1 .443100001 15E-03 

7.01771O0059OE-O1 
1  .917647502OOE-O3 

6.49431162610E-O1 
1 .9333494OO09E'O3 

9.32425O92270E-O1 
1 .407O2174069E-O3 

4.3O5O773470OE-O1 
1  .3e392846030E-O3 

3.4322O9409O7E-O1 

1.23631202798E-O3 

2.69094650899E-O1 
1  .06034463070E-03 

2. 090431 49309E-01 
0.72929187607E-O4 

1 .014O9791O04E-O1 
0.0944 2 402 0091 -04 

1  .24107305929E-O1 
5.23270957T40E-O4 

9.70010304O94E-O2 
3. 604 9630004 9E-04 

7.7494O059497E-O2 

2.93402900949E-O4 


SOL  C 

7.77430242074E-O6 

3.92329275174E-01 

2 .09364079O14E-O6 
4.O9000934547E-O1 

0.19946326319E-O7 

4.29525495915E-01 

2. 273001 57940E-O7 
4.39322359935E-01 

0. 09426 13600OE-O0 
4.9O93502O222E-OI 

5.2279273O033E-1O 
4. 604002 54467 E -01 

5.9793O004637E-1O 
4. 001 920704 10E -01 

2.276101O7540E-IO 

4.74271971402E-O1 

1. 30392399941 E-10 
4.79119232199E-01 

1 .1233002O393e-O9 
3.e9200009310e-Ol 

1.5502741OO71E-O5 
3. 701 93403901 E-01 

2.O01930079O9E-O9 

3.71092472914E-O1 

2.650O91O4914E-O9 
3. 039900 300 1 0e -01 

3  .22693463702E'O9 
3.900696O7014E-O1 

3. 70632930 342E-05 
3.497O1035993E-O1 

4.O1O00329100E-O5 

3.423439399O0E-O1 

4.O760O440149E-O9 

3.3460O4352O1E-O1 

3.00972921 506E -05 
3.26561240062E-O1 

3.47205449101E-05 

5.17010144915E-O1 

2.9O970910732E-O5 

3.O025O327732E-O1 

2.20074416125E-D5 

2.9750a771O43E-Ol 

I  .09O29623O21E-O5 
2.0530O4O2051E-O1 

1  .172003O1012E-O5 
2.T0944431473E-01 

T,0025297a959E-O0 

2.93O69969910E-O1 

4.91210210744E'O0 

2.2948657126ie-01 

2.04914O79505E-O0 
1  .99637030196E-O1 


9. 602002 39001 E-02 
2.43259359034E-O5 

0.3704425775OE-O2 

2.OO797030101E-O3 

0. 041400 90997E-O2 
1  .45095561O00E-O5 

T,11341O93103E-OZ 

9.7O551OO0042E-O4 

7.22327527702E-O2 

0.OeO09141O79E-O4 

7. 2 I 222 93092 IE -02 
3. 601 9709901 9E-04 

7. 1357071 54 00E-O2 
2.1 49620041 23E-04 

7. 092070921 79E-02 
1  .242400181 llE-04 

7. 01 604994091 E-02 
7.1O092O353O6e-O5 

9. 93302 53941 1E-02 
2.91O70472270E-O3 

4.9240O302000E-O2 
2 .490990O4OO2E-O3 

4.400109OO120E-O2 

2.4D49O409973E-O3 

3.99353309400E-O2 
2 .22222O00052E-O3 

3.39629404305E-O2 
1 .90324949OO0E-O3 

2. 0200409201 3E-02 
1.09O5429O072E-O3 

2.240439222O0E-O2 
1. 314991 00209E -03 

1.7O000967029E-O2 

9.09O9O993937e'O4 

1 .23490299293E-O2 
7. 00224791 930C-O4 

0.442O397331OE-O3 

4.65910609190C-O4 

5.43O55902179E-O3 
2. 90088004 703E-04 

3.260439OO7O9E-O9 
1  .692O4094443E-O4 


I  .02120902779E-O3 
9.23O72920140E-O5 

9.3O41099O744E-O4 

4.71490399955E-05 

4.2944101710OE-O4 
2. 27320990 906E -05 

1 .7791 534671 9E-04 
1 .08449993971E-D5 

9.716600109O4E-O9 

4.92O13929693E-O0 


1 .01073O42099C*OO 
1 .65593261232C*00 

2 .09906039672E*00 
1  .03O99e79043E«OO 

2.4709417e49OC^OO 
1  .S9691202e0ie*OO 

2.05733767070E*OO 
1  . 550701 39350E+00 

3.1912710921OE^OO 
1  .51931047450E*OO 

3.47212OO9015e*OO 
1 .47623772093E«OO 

3. 6990 19537 1 7 E^OO 
1  .439309491 70E«00 

3. 07 9070093 lOC^OO 
1.39125771050E*OO 

4. 000392 I9937e^00 
1 .34e72O90002E^OO 

1  .4410403O3O0C4OO 
1 .00132022590C^OO 

1. 202272 13030e^OO 
1 .00223e49695C4DO 

1 .00703927042C^OO 
1 .6000001 002 9C«00 

9.109O1921074C-O1 
1 .094O2030209E<»OO 

7.93800025009e-Ol 
1  .0491 0724 790E^OO 

6.O2224249036e-Ol 
1  .0347O345497e«OO 

4. 690400001 10e -01 
1 .024079431 44E«00 

3.472175939O0E-D1 
1  .01 47391 3O30C^DO 

2.4e612019231E-Ol 
1  .0O70309931Oe«OO 

1  .7O79O00434OC-O1 
1  .0O290025709E^OO 

1.11794032409E-01 
1 .00009020 00 0e«OO 

0.99O1O0O9192C-O2 
1  .99707020024e»OO 

4.07T526l6724e-02 
1  .59304O94O2OE  +  OQ 

2.238703841O0E-O2 
1  .9062993eOO6C«DO 

1 .14010051 leee -02 
1 .57213297232E^00 

S.30373624994E-O3 
1  .540737O4497E*OO 

2.O093O737639E-O3 
1  .9O4903O442OE^OO 
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